
RESEARCH MEMORANDUM 

. ? .  
', L 

EFFECTS O F  wI]cjc3 SWEEP,  HOXZONTAL-TAIL  CONFIGURATION, AND 

A V E N T R . A L , - ' i ; ? N  ON STATIC  STABILITY CHARACTERXSTICS O F  A 

,. . \  
' , .: 

MODEL  WITH  A WING O F  ASPECT RATIO 3 AT 

MACH NUMBERS FROM 2.29 TO 4.65 

._ . By Byron M. Jaquet and ELoger H. Fournier  

Langley Aeronautical  Laboratory 
Langley Field, Va. 

, , I  NATIONAL ADVISORY. COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 
July 21, 1958 

CONFIDENTIAL 

E- 



NACA RM ~58~06 

NATIONAL  ADVISORY COMMITTEF: FOR  AERONAUTICS 

RESEARCH MEMORANDUM 

EFFECTS  OF  WING SWEEP, HORIZONTAL-TAIL  CONFIGURATION, AND 

A VENTRAL  FIN ON STATIC STABILITY CHARACTERISTICS  OF A 

MODEL  WITH A WING  OF  ASPECT R A T I O  3 AT 

MACH NUMBERS  FROM 2.29 TO 4.63 * 
By Byron M. Jaquet  and  Roger H. Fournier 

SUMMARY 

An  investigation  was  made  in  the  high  Mach  number  test  section  of 
the  Langley  Unitary  Plan  wind  tunnel  to  determine  the  effects  on  the 
static  longitudinal  and  lateral  stability  characteristics  of  a  model 
with  a  wing  of  aspect  ratio 3 of  sweep  from 28.8' to 4 3 O ,  horizontal- 
tail  height  and  dihedral,  and  a  ventral  fin.  The  tests  were  made  over 
an  angle-of-attack  range  of -4' to 20' at  a  Reynolds  number  of  about 
2.1 x lo6 at  Mach  numbers  of 2.29, 2.98, 3.96, and 4.65. The  results 
of  the  investigation  have  indicated  that  configurations  with  the  hori- 
zontal  tail  on  the  fuselage  center  line  generally  had  more  uniform 
variations  of  the  pitching  moment  at  zero  lift  and  static  longitudinal 
stability  with  Mach  number  than  the  T-tail  configurations.  Configura- 
tions  with  a  T-tail  had  greater  stability  at  high  Mach  numbers  and 
experienced  erratic  changes  in  the  variation  with  Mach  number  of  the 
pitching  moment  at  zero  lift  and  in  the  static-longitudinal  stability. 
Configurations  employing  the 43' swept  wing  had  greater  static  longi- 
tudinal  stability  than  those  with  a 28.8O swept  wing.  When  sideslipped 
over  a  large  range,  at  a  given  angle  of  attack,  configurations  with  a 
T-tail  had  a  tendency  to  pitch down and  configurations  with  the  hori- 
zontal  tail  on  the  fuselage  center  line  had a tendency  to  pitch up. At 
the  lower  Mach  numbers,  T-tail  configurations  had  slightly  greater  direc- 
tional  stability  at  low  angles  of  attack  than  configurations  with  low 
tails  whereas  at  the  higher  Mach  numbers  there was essentially  no  effect 
of  tail  changes  or  of  a  change  in  wing  sweep  from 28.8' to 45O. A l l  com- 
plete  models  incorporating  a  ventral  fin  with  a  wedge  airfoil  section 
were  directionally  stable  for  the  angle-of-attack  range  investigated  at 
all  Mach  numbers.  The  directional  stability  decreased  with  increasing 
angle  of  attack  at  the  lowest  Mach  number  and  at  a  given low angle  of 
attack  the  directional  stability  decreased  with  an  increase  in  Mach  num- 
ber.  There  were  increases  in  directional  stability  at  the  high  angles 
of attack  at  the  highest  Mach  numbers  due  to  the  effects  of  the  wing 

* Title,  Unclassified . 
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compression  field  on  the  ventral fin and  a  decrease  in  the  unstable 'i; 

contribution  of  the  wing-fuselage  combination. 

The eqerimental variation  with  Mach  number  of  lift-curve  and 
pitching-moment  slope  and  the  directional  stability  and  effective 
dihedral  parameter  could  generally  be  predicted  with  good  accuracy  at 1, 

approximately  zero  angle  of  attack  by  theoretical  methods. 

I 

INTRODUCTION 

There  is  a  general  lack  of  information  of  a  systematic  nature  in 
the  high  supersonic  speed  range  (Mach  numbers  to  about 3 )  concerning 
the  effects  of  such  design  variables  as  wing  sweep  and  horizontal-tail 
position  on  the  static  longitudinal  and  lateral  stability  of  airplane 
configurations. 

The  Langley  Unitary  Plan  wind  tunnel  (ref. 1) was  designed  to 
enable  continuous  testing  of  relatively  large  models,  at  a  constant 
Reynolds  number,  over  a  Mach  number  range  of 2.29 to 4.65 and  is  par- 
ticularly  well  suited  for  systematic  test  programs. 

The  present  investigation was made  to  determine,  over an angle-of- 
attack  range  of -4' to 20°, the  effects  of  various  geometric  model 
changes  on  the  static  longitudinal  and  lateral  stability  characteristics 
of  a  model  with  a  wing  of  aspect  ratio 3 at  Mach  numbers  from 2.29 
to 4.63. Investigated  at  a  Reynolds  number  of  about 2.1 x 106, based 
on  the  wing  mean  aerodynamic  chord,  were  the  effects  of  a  change  in 
wing  sweep  from 28.8O to 45O, a  change  in  the  horizontal-tail  position 
from  the  fuselage  center  line  to  the  top  of  the  vertical  tail,  a  change 
from Oo to -13' in  the  dihedral of the  horizontal  tail  on  the  fuselage 
center  line,  and  the  addition  of  a  ventral  fin.  The 28.8' swept  wing 
was  selected  for  the  investigation  since  it  had  generally  satisfactory 
static  longitudinal  stability  characteristics  at  high  subsonic  speeds 
(ref. 2). In addition,  some  of  the  experimental  data  are  compared  with 
estimates  made  by  use  of  various  available  methods. 

SYMBOLS AND COEFlFICIENTS 

The  data  presented  herein  are  referred  to  a  moment  center  located 
at 0.26 mean  aerodynamic  chord  of  the  wings,  this  point  being  located 
at 0.57 fuselage  length  from  the  nose  and  on  the  fuselage  center  line. 
The  forces  and  moments  are  oriented  as  shown  in  figure 1. The  symbols 
and  coefficients  are  defined  as  follows: 
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A 

b 

C 

- 
C 

2 

M 

P 

S 

Y 

z 

U 

CLO 

P 

V 

it 

CL 

Cm 

aspect  ratio, b2/S 

span,  ft 

chord  parallel  to  plane  of  symmetry, ft 

mean  aerodynamic  chord,  c%y, ft 

effective  tail  length  from  moment  center  to  center  of  pres- 
sure  of  tail,  measured  parallel  to  fuselage  center  line, 
ft 

free-stream  Mach  number 

free-stream  static  pressure,  psf 

free-stream  dynamic  pressure, 0 . 7 3 ~ 2 ,  psf 

area, sq ft 

spanwise  distance  measured  from  and  perpendicular  to  the 
plane  of  symmetry,  f  t 

effective  tail  height  from  fuselage  center  line, ft 

angle  of  attack  of  fuselage  center  line, 
-1 Velocity  component  along  Z-axis 

Velocity  component  along  X-axis 
tan , deg 

angle  of  attack  for  zero  lift,  deg 

angle  of  sideslip,  sin 
-1 Velocity  component  along  Y-axis 

V , 
deg 

free-stream  velocity,  fps 

horizontal-tail  incidence (-4' for  all  tests) 

lift  coefficient, - Lift 
qs, 

Pitching  moment 
pitching-moment  coefficient, 

@,E, 

. .  
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CY  side-force  coefficient, 
Side  force 

qs, 

cri 

rolling-moment  coefficient, Rolling  moment 

@WbW 

yawing-moment  coefficient, 
Yawing  moment 

@WbW 

NACA RM ~ 5 8 ~ 0 6  
' '  ! . .  .~ ~ 

.~ 
8 :  

, . 

. .  

cL,,x maximum  lift  coefficient 

cmo pitching  moment  at  zero  lift 

Increment  in 
Increment  in p ", where  the  increment  in p is  approximately 5' 

Increment in cn, where  the  increment  in p is  approximately 5' 
Increment  in p 

Increment in c2,  where  the  increment  in p is  approximately 5 O  
Increment  in p 

Subscripts: 

h horizontal  tail 

W wing 

v vertical  tail 

V ventral  fin 
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The  prefix A denotes  the  contribution  of  the  tail  assembly VH 
or  VHv  to  a  given  coefficient or derivative. 

Model  component  designations: 

W1 28 .go swept  wing 

W2 45' swept  wing 

F fuselage 

v vertical  tail 

horizontal  tail  at  top  vertical  tail,  no  dihedral 

H2 horizontal  tail  on  fuselage  center  line,  no  dihedral 

H 3  horizontal  tail  on  fuselage  center  line, -15' dihedral 

v  ventral  fin 

APPARATUS AND MODEL 

The  present  investigation was conducted  in  the  high  Mach  number 
test  section  of  the  Langley  Unitary  Plan  wind  tunnel  (ref. 1). This 
test  section  is 4 feet  square  and  is  approximately 7 feet  in  length. 
With  the  tunnel  operating,  the  adjustment  of  an  asyrmnetric  nozzle  and 
a  second  minimum  section  permits  a  variation  of  any  desired  increment 
in  Mach  number  throughout  the  entire  speed  range  of M = 2.29 to 4.65. 
Both  stagnation  temperature  and  stagnation  pressure  can  be  controlled 
independently. 

The  forces  and  moments  on  the  model  were  measured  by  means  of  a 
six-component  strain-gage  balance  enclosed  within  the  model.  For  the 
present  investigation,  the  model was oriented  in  the  test  section  with 
the  wings  horizontal.  The  angles  of  attack  and  sideslip  of  the  model 
were  remotely  controlled. A description  of  an  angle-of-attack  posi- 
tioning  apparatus  similar  to  that  used  in  the  present  investigation  is 
given  in  reference 1. 

Details  of  the  model,  including  photographs  of  some  configurations, 
are  shown  in  figure 2. Additional  details  are  given  in  table I. The 
fuselage was constructed  around  a  hollow  steel  frame  which  had  a  square 
cross  section  with  1/4-inch  walls.  This  frame  extended  from  the  fuse- 
lage  base  to  the  tangent  point of the  nose.  The  stainless-steel  wing 
and  tail  panels  and  the  duralumin  ventral  fin  were  attached  to  the  steel 

t. 
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frame and f iber-glass-covered  dogany w a s  used to   f i n i sh   t he   fu se l age  
contour. The two interchangeable wings used with  the model differed 
only in   the  angle  of sweepback of the  quarter-chord  line, one wing having 
28.8O sweepback and the  other  having 4 5 O  sweepback. 

TESTS 

Twelve model configurations were inves t iga t ed   t o  determine  the 
e f f ec t s  of wing sweep, horizontal-tail   configuration and a v e n t r a l   f i n  
on the s t ab i l i t y   cha rac t e r i s t i c s  of the model. These model configura- 
t ions  are indicated as follows: 

Wing sweep, deg 

Low, 0' dihedral 

Low, 0' dihedral 
Low, -15' dihedral 

T a i l  off 

Tee 
Low, 0' dihedral 

Low, -15' dihedral 
T a i l  off 

FvH2v 

FVH2 

Low, Oo dihedral 

Low, 0' dihedral 

F T a i l  off 

The various model configurations were tested  through  an  angle-of- 
attack  range of -4' t o  20' a t  sideslip  angles of 0' and 5' (for  obtaining 
derivatives),  and a t  angles of a t tack  of Oo, 8 O ,  and 1 6 O  through a side- 
s l i p  range  of  about -4' t o  20'. Measurements w i t h  r e spec t   t o   t he  body 
axes were made of t he  normal force,   axial   force,  side force,  yawing 
moment, pitching moment, ro l l i ng  moment, and the  pressure on the base. 
The data were reduced to   coe f f i c i en t  form about  the axes indicated  in  
f igure 1. 
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I The  test  conditions  were  as  follows: I 

Stagnation  conditions Average 
dynamic 
pres  sure, number 

Average 
Reynolds 

(based  on 
lb/sq in.  abs  wing E )  w s q  ft 

Mach 
number 

Temperature, Pressure, 
OF 

2.29 

2.2 375 60.5 175 4.65 
2.1 453 41.5 175 3.96 
2.1 587 23 - 3  15 0 2.98 
2.1 x 106 696 16.2 153 

I 

The  dewpoint was maintained  below -30° F for  all  tests. 

ACCURACY AND CORRECTIONS 

Accuracy 

The  estimated  accuracy  of  individual  coefficients,  angles,  and 
derivatives is as  follows: 

C L . .  . . .  
c,. . . . .  
CL . . . . .  
cy . . . . .  
a - 0, deg 

C n . .  . . .  

p,  deg . . .  

7 

. . . . . . . . . . . . . . . . . . . . . . . . .  *0.004 

. . . . . . . . . . . . . . . . . . . . . . . . .  f0.002 

. . . . . . . . . . . . . . . . . . . . . . . . .  f0.001 

. . . . . . . . . . . . . . . . . . . . . . . . .  fO.OO1 

. . . . . . . . . . . . . . . . . . . . . . . . .  to.005 

. . . . . . . . . . . . . . . . . . . . . . . . .  fO.l 

. . . . . . . . . . . . . . . . . . . . . . . . .  fO.l . . . . . . . . . . . . . . . . . . . . . . . . .  fO.OO1O 

. . . . . . . . . . . . . . . . . . . . . . . . .  f0.0002 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c2P 

f0.0002 

Corrections 

A calibration  of  the  flow  in  the  test  section  has  indicated  that 
the  longitudinal  pressure  gradients  experienced  by  the model are  negli- 
gible.  The  calibration  also  indicated  that  flow  angularity  is  present 
in  the  test  section. A correction  for  flow  angularity,  which is in  the 
direction  to  increase  the  model  angle  of  attack,  has  not  been  included 
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in  the  data  presented  herein  and,  consequently,  the  drag  data  have  been 
deleted.  The  effects  of  flow  misalinement will be  discussed  subsequently. '-,. 

The maximum deviation  of  local  Mach  number  in  the  part  of  the  tunnel ' 

occupied  by  the  model  was *0.015 for  these  tests.  The  angles  of  attack 
and  sideslip  have  been  corrected  for  the  deflection  of  the  support  system " 

under  load. 

Aeroelastic  Considerations 

A given  wing  may  bend  under  load  and  thereby  cause,  effectively,  a 
change  in  geometric  dihedral  and  a  corresponding  change  in  the  effective 
dihedral  parameter . In order  to  determine  the  significance  of  wing 1 

bending  on for  the  present  wings,  each  wing  was  loaded  statically 
c% 

czP 
at  four  spanwise  locations  to  approximate  the  spanwise  loading  as  deter- 
mined  from  reference 3 for  each  Mach  number.  The  deflection  of  each 
wing  was  measured  at  several  spanwise  stations  and  was  converted  to an 
equivalent  dihedral  angle.  The  method of reference 4 was then  adapted 
to  the  supersonic  case  to  determine  the  value  of % for  the  two  test 1 
wings. It was  found  that  the  change  in  due  to  bending was well 

within  the  experimental  accuracy  of  the  data  and  therefore  no  corrections ' 

have  been  applied  to  the  data. 

,'I 

i 

ac1p 
&L 

&L 
g r  

/ .  

RESULTS AND DISCUSSION 

Inasmuch  as  there  are  a  large  number  of  model  configurations,  the 
discussion  will  be  concerned  primarily  with  the  effects  of  Mach  number, 
wing  sweep,  horizontal-tail  configuration,  and  a  ventral  fin  on  the 
characteristics  of  the  complete  model  with  reference,  where  necessary, 
to  tail  and  wing-fuselage  combination  contributions.  The  discussion J 

has  been  divided  into  two  parts,  the  first  being  concerned  with  the 
static  longitudinal  characteristics,  and  the  second  being  concerned  with 
the  static  lateral  and  directional  characteristics. 1; 1 

Data  concerned  with  the  static  longitudinal  characteristics  are  pre- 1) ": 
sented  in  figures 3 to 22 and  data  dealing  with  the  lateral-directional 1; I 
characteristics,  are  presented  in  figures 23 through 33.  The  basic 11 
pitch  data  are  presented  in  figures 9 to 20. Data  obtained  in  tests  of 
the  various  model  configurations  through  the  sideslip  range  are  tabu- 
lated  in  table I1 inasmuch  as  only  plots  of C, and  Cn  against  sideslip 
angle  are  presented  in  the  figures. An index  to  the  figures  is  presented 
as  table 111. 

t ,k' 

Q 
{, i 
i'i 
]:t 

I: i 1 

- 
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Static-Longitudinal  Stability  Characteristics 

The  data  for  the  symmetrical  model  configurations WIF (fig. 13) 
and W2F (fig. 17) indicate  that  some  misalinement  exists  in  the  angle 
of  attack,  especially  at  the  two  highest  Mach  numbers.  The  amount  of 
misalinement  is  shown  in  the  plots  of uo against  Mach  number  in fig- 
ure 3. The  known  flow  angularity  is  such  that  the  application  of  a  cor- 
rection  would  further  increase  the  already  positive  values  of %. It 
is  believed  that  the  error  in  angle  of  attack  may  be  the  result  of  some 
malfunction  in  the  angle-indicating  system  during  these  tests  and/or 
that  some  interference  on  the  lifting  surfaces was caused  by  shock  waves 
emanating  from  surface  or  juncture  irregularities  in  the  fiber-glass 
skin  of  the  fuselage. 

No corrections  have  been  applied  to  account  for  the uo discrep- 
ancies. A s  a  result  of  the  discrepancies  all  drag  data  have  been  omitted 
from  this  paper.  It  is  believed,  however,  that  the  usefulness  of  the 
stability  data  is  not  significantly  altered  by  the  discrepancy  in ao. 

Lift.- A s  would  be  expected,  for  all  complete  model  configurations 
(f i g . x  %he  values  of C h  decrease  with  an  increase  in  Mach  number 
from 2.29 to 4.65. A similar  trend  has  been  shown  in  reference 5 for  a 
slightly  different  model  with  a  wing  of  aspect  ratio 3. 

There  is,  in  general,  little  effect  of  changes  in  horizontal-tail 
dihedral  or  wing  sweep  on  the  lift  characteristics  of  the  model  (fig. 3). 
The  data  of  figures 9 to 20 indicate  that,  as  would  be  expected,  the 
maximum  lift  coefficient  was  not  reached  for  any  configuration  tested 
for  the  angle-of-attack  range  (maximum a = 21°) of  the  investigation. 

Static  longitudinal  stability.-  For  either  wing  sweep  (fig. 3), an 
increase  in  Mach  number  causes  a  forward  shift becomes  less  nega- 
tive ) in  the  aerodynamic-center  position  for  configurations  with  the 
horizontal  tail  on  the  fuselage  center  line.  T-tail  configurations, 
however,  have  greater  stability  than  low-tail  configurations  and  expe- 
rience  a  more  erratic  variation  in  aerodynamic-center  position  with 
Mach  number,  as  indicated  by  the  erratic  variation of in  fig- 

ure 3 .  These  data  also  indicate  little  effect  of  tail  dihedral  on  the 
values  of . In general,  the  most  negative  values  of 
for  the 45' swept-wing  configurations. 

( cm% 

cqL 

cwL c% 
occur 
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two  highest  Mach  numbers  since  the  expected  value  of  zero  was  not  meas- 
ured  for  the  symmetrical  wing-fuselage  combinations.  The  low-tail  con- 
figurations  experience  a  smaller,  less  erratic,  variation  of Cmo with 
Mach  number  than  the  T-tail  configurations.  More  positive  values 
of C occur  for  the  T-tail  configurations  than  the  low-tail  conf'igu- 
rations  and  may  be  attributed  to  vertical  gradients  in  dynamic  pressure 
at  the  horizontal-tail  position  (ref. 6), to  a  longer  tail  length  (about 
0.17Ew) for  the  T-tail  configurations,  and  to  the  moment  contributed  by 
the  drag  of  the  horizontal  tail.  Similar  variations  in  due  to 
changes  in  horizontal-tail  position  have  been  indicated  at  high  subsonic 
speeds  (ref. 2) and  at  Mach  numbers 08 1.41 and 2.01 (ref. 7) . (All 
data  herein  were  obtained  at  it = -4 and  different  variations  in 
and C may  occur  for  other  values  of  it .) 

mo 

cmo 

cmo 
W L  

The  large  variations  of C and C that  occur  with  Mach  number 

for  the  T-tail  configuration  may  be  attributed  to  the  effects  of  the  ver- 
tical  dynamic-pressure  gradient  at  the  tail,  wing-flow-field  effects, 
and,  at  certain  Mach  numbers,  to  the  interference  of  shock  waves  from 
the  wing  leading  edge  with  the  horizontal  tail,  as  can  be  seen  in  fig- 
ures 21 and 22, which  present  schlieren  photographs  of  several  model 
configurations.  (Most  of  the  photographs  are  for j3 = 0' but  in  some 
cases  it was necessary  to  use  those  for p = 5 O  and  this  is  noted.) 
Figures 21 and 22 indicate  that  shock  waves  from  the  inboard  leading 
edge  of  the  wing  (at M = 2.98) pass  below  the  horizontal  tail  of  the 
T-tail  at  negative  angles  of  attack  and  that,  as  the  angle  of  attack 
is  changed  positively,  the  tail  moves  through  the  shock  wave.  Thus, 
an  effective  increase  occurs  in  the  angle  of  attack  of  the  tail  and  in 
the  dynamic  pressure  at  the  tail  and  these  effects  cause  changes  in 
stability.  (See  figs. 3 to 5, 9, and 14.) Because  a  smaller  shock-wave 
angle  exists  at  the  higher  Mach  numbers,  the  interference  occurs  at 
higher  angles  of  attack. 

%L mo 

There  is  little  effect  of  the  wings  on  the  tail  contribution  (for 
a  low  tail)  to  ACm  (fig. 5). Therefore,  the  wing,  because  the  center 
of  pressure  is  rearward  of  the  moment  center,  contributes  large  nega- 
tive  increases  in C, at  moderate  and  high  angles  of  attack  (fig. 4) 
when  added  to  the  fuselage-tail  combination. Also shown in  figure 4 
are  regions  of  neutral  or  approximately  neutral  stability  that  occur 
for  the  fuselage-tail  configurations.  The  ventral  fin  (fig. 6) pro- 
duced  a  negative  increment  in AC, (as  a  result  of  the  drag  of  the 
ventral  fin)  for  all  Mach  numbers  with  or  without  the 28.8' swept  wing. 

Inasmuch  as  the  previous  discussion  of  longitudinal  stability  has 
been  concerned  with  zero  sideslip,  figure 7 has  been  prepared  to  show 
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the  effects  of  sideslip  on  the  pitching-moment  coefficient  of  the  various 
model  configurations  at  three  nominal  angles  of  attack.  The  corrected 
angles  for  a  given  configuration  may  be  obtained  from  table 11. 

The  data  of  figure 7 indicate  that,  when  sideslipped,  those  config- 
urations  with  a  T-tail  tend  to  pitch  down  and  those  with  the  horizontal 
tail  on  the  center  line  of  the  fuselage  tend  to  pitch  up.  These  effects 
have  also  occurred  at  high  subsonic  speeds  (ref. 8). These  trends  result 
from  the  different  types  of  loadings  induced  on  the  horizontal  tail  by 
the  vertical  tail,  a  difference  in  effective  sweep  between  advancing  and 
retreating  horizontal-tail  panels,  and  the  effect  of  the  dynamic-pressure 
variation  with  sideslip  on  the  tail  loadings  (ref. 9) . The  magnitude  of 
the  change  of  Cm  with j3 varies  somewhat  with  angle  of  attack.  By 
using  a  horizontal-tail  effectiveness  at a = 0' estimated,  for  each 
Mach  number,  from  reference 10 it  would  appear  that,  for  the  T-tail  with 
the 28.8O swept-wing  model,  the  increment  in C, produced  by  sideslipping 
from 0' to 16' is  equivalent  to  that  produced  by  about 5' incidence  of 
the  horizontal  tail  at M = 2.29 and  by  about 11' incidence  at M = 4.63. 
For the  low  horizontal  tail  without  dihedral  and  corresponding  conditions, 
tail  incidences  of  about -1' and -2' would  be  required  to  trim  out  the 
increment  in  Cm  due  to 16O of  sideslip.  It  would  appear  that  somewhat 
similar  conclusions  could  be  drawn  for  the 4'3' swept-wing  configurations. 
It  is  also  of  interest  to  note  that  the  tail  contribution  to  Cm  for  the 
T-tail  configurations  may  be  doubled  when  the  sideslip  angle  is  changed 
from 00 to 16O (see  fig. 7( c) ) . 

Comparison  of  experimental  and  estimated  characteristics.-  The 
method  of  reference 10 was  used  to  estimate  the  variation  of C& and 
Cma ( a  = 0") with  Mach  number  for  various  model  configurations. In 
this  method  it  was  necessary  to  obtain  the  lift-curve  slope  of  the  iso- 
lated  wing  and  tail  (exposed  surfaces)  and  these  were  obtained  from 
reference 11. The  estimated  values  of C h  and  are  compared  with 
experimental  values  for  various  Configurations  in  figure 8. The  esti- 
mated  variation  of C b  and (2% with  Mach  number is about  the  same  as 
the  experimental  variation  although  the  estimated  values  at  a  given  Mach 
number  are  generally  lower  than  the  experimental  values.  Slightly  better 
agreement  between  estimated  and  experimental  values  of  CL  and C is 
obtained  for  the 28.8' swept-wing  configurations  than  for  the 45' swept- 
wing  configurations.  This  would  be  expected  to  some  degree  on  the  basis 
of  some  of  the  limitations  (no  trailing-edge  sweep)  of  the  method  as 
indicated  in  reference 10. 

cma 

ma 



Latera l   Di rec t iona l   S tab i l i ty   Charac te r i s t ics  

I n   f i g u r e s  23 through 25, the lateral s tab i l i ty   der iva t ives   ob ta ined  
from data  a t  0' and 5' sidesl ip   angles   are   indicated  by  l ines  and the  
siopes measured  from data  obtained  through  the  sideslip  range a t  three 
angles of a t tack   a re   ind ica ted  by  symbols. 

Directional.-  A t  M = 2.29 the   d i r ec t iona l   s t ab i l i t y   fo r  a l l  com- 
p l e t e  model configurations  decreases  with  an  increase  in  angle of a t t ack  
^(f igs .  23 and 24); A s  the  Mach  number i s  increased,  the  value of C 
a t  a = Oo decreases and the   r a t e  of decrease of C with a becomes 
smaller until f i n a l l y  a t  some moderate angle of a t t ack  C increases 
with a fur ther   increase  in   angle  of a t tack.  A t  the   h ighes t   t es t  Mach 
number, Cn, i s  about  constant up t o  a = 8 O ,  a f t e r  which it increases 

P 
t o  a value a t  a = 21' t h a t  i s  almost  double t h a t  a t  a = Oo ( f i g s .  23 
and 24)  but is s t i l l  lower  than  the  value of C a t  a = 00 a t  
M = 2.29. The increase  in  a t   t h e  moderate and high  angles of 

a t tack  is t h e   r e s u l t  of an  increase  in  the  effectiveness of the   vent ra l  
f in   with  increasing  angle  of a t t ack   ( t he   ven t r a l   f i n  i s  immersed i n  the 
compression f i e l d  of the w i n g  where a higher dynamic pressure  exis ts  
( r e f .   1 2 ) )  and a decrease in   the  unstable   contr ibut ion of wing-fuselage 
combination ( f i g s .  23 and 24). 

nP 
CnP 

With or  without  the 28.8O swept wing ( f i g s .  23  and 25) the  contr i -  !: 
bution of t h e   v e n t r a l   f i n   t o  C generally  decreases a t  low angles of 

attack  with  an  increase  in Mach number. A t  the  higher Mach numbers, 
however, there  i s  a tendency for   the   e f fec t iveness  of t h e   v e n t r a l   f i n  
t o  be  increased  with  an  increase  in  angle of a t tack  and increases 

accordingly. A t  Mach numbers higher  than  those of the  present  investi-  ;. 

gation it would be  expected that   greater   effect iveness  of the   vent ra l  
f i n   i n  producing  direct ional   s tabi l i ty  may be  expected  as a r e s u l t  of 
an   increase   in   the   l i f t   e f fec t iveness  of the wedge a i r f o i l s  w i t h  
increasing Mach  number ( r e f .  13). & t. 

Without t h e   v e n t r a l   f i n   ( f i g .  23) t he   d i r ec t iona l   s t ab i l i t y  of the iti, 
1. I 

model with  the 28.8' swept wing decreases  rapidly  with  an  increase  in 
r.4 t 

angle of attack;  thus,   the model becomes unstable a t   r e l a t i v e l y  low 
& {  

angles of a t tack .  

CnP 

! E 

F 

For e i t h e r  wing sweep, changes in   horizontal- ta i l   configurat ion 
have l i t t l e   e f f e c t  on the   d i r ec t iona l   s t ab i l i t y  of the complete  model 
( f i g s .  23  and 24) o r  i n   t he  t a i l  cont r ibu t ion   to  ( f i g s .  26 and 28). 

The T-tail   configurations have s l igh t ly   g rea t e r   s t ab i l i t y  a t  low angles 
of attack  than  configurations  with  the low ta i ls  a t   t h e  lower Mach 

CnP - 
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numbers.  It  is  also  shown  in  figures 26 to 28 that,  at  the  two  lower 
Mach  numbers,  the  addition  of  either  wing  causes  a  decrease  in  ACnP 

at  low  angles  of  attack  and  an  increase  in  ACnP  at  high  angles  of 

attack  whereas  at  the  two  higher  Mach  numbers  ACnp  is  increased  by 
the  addition  of  either  wing  for  the  entire  positive  angle-of-attack 
range.  This,  as  previously  noted,  is  the  result  of  the  effect  of  the 
wing  on  the  ventral  fin. A l l  data  were  obtained  with  it = -4O and 
for  other  values  of  it  the  horizontal  tail  may  cause  different  effects 
on  directional  stability.  This  was  noted,  at M = 2.01, in  reference 14 
where  a  given  amount  of  tail  incidence  produced  opposite  effects  on C 
for  low  and  high  horizontal-tail  configurations.  It  would  appear  to  be 
advisable,  therefore,  to  investigate  completely  the  effects  of  horizontal- 
tail  incidence  on  the  directional  stability  of  a  specific  airplane  model. 

A comparison  of  the  data  of  figure 23 with 24 and  figure 26 with 28 
indicates  very  little  effect  of  a  change  in  wing  sweep  from 28.8O to 45O 
on  the  directional  stability  of  the  complete  model or on  the  tail  con- 
tribution  to  directional  stability. 

Lateral.-  The  effective-dihedral  parameter  (figs. 23 and 24) is 
generally  more  negative  at  a  given  angle  of  attack  for  T-tail  configura- 
tions  than  for  configurations  with  the  horizontal  tail  on  the  center 
line.  This  effect  of  the  T-tail on C  has  also  occurred  at  high  sub- 
sonic  speeds  (ref. 8) and is related  to  the  induced  loadings  previously 
discussed  with  the  variation  of C, with P .  The  addition  of -15' dihe- 
dral  or  a  change  in  wing  sweep  have  little  effect  on czP (figs. 23 
and 24) or ACz (figs. 26 and 28). The  addition  of  the  ventral  fin, 
as  would  be  expected,  makes  less  negative  with  the  wing  on  (fig. 23) 
or off  (fig. 25). 

l P  

P 
czP 

Effective  center  of  pressure.-  The  tail-increment  data  of  figures 26 
to 28 were  used  to  determine  the  vertical  (z/bw)  and  longitudinal ( Z / b )  
locations  of  the  effective  center  of  pressure of the  tail  assembly  and 
these  data  are  presented  in  figures 29 to 31. A s  would  be  expected, 
there  is  little  effect  of  horizontal-tail  configuration  on  the  vertical 
and  longitudinal  location  of  the  effective  center  of  pressure  of  the 
tail,  although  the  T-tail  configurations  have  a  slightly  higher  and  more 
rearward  center of pressure  for  all  Mach  numbers.  With  the  wing  off or 
on  and  the  ventral  fin  off,  the  location  of  the  effective  center  of 
pressure  at a = Oo is  lower  and  more  rearward  than  the  geometric ten- 
ter  of  pressure of the  vertical  tail  alone at all Mach  numbers  (fig. 30)  
probably as  a  result of the  end-plate  effect  of  the  fuselage. 

I 
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Comparison  of  estimated  and eqerimental characteristics.- In the 
estimation  of  the  derivatives  ACyP, ACnp,  and  ACz (a = Oo) of  the 
tail  assembly  (including  vertical  tail,  low  horizontal  tail  without 
dihedral,  and  ventral  fin),  it  was  necessary  to  obtain  the  derivatives 
of  the  isolated  tail  with  reference  to  the  moment  center  of  the  model 
and  to  account  for  the  interference  of  the  fuselage  on  the  tail. (For 
the  case  of  fuselage-tail  derivatives,  it  was  also  necessary  to  account 
for  the  interference  of  the  tail  on  the  fuselage.) 

P 

The  derivatives  of  the  exposed  isolated  vertical  tail,  with  respect 
to  the  model  moment  center,  were  obtained  from  reference 15 and  the 
effect  of  the  wedge  airfoil.on  the  lift-curve  slope  of  the  ventral  fin 
was  determined  from  reference 13. The  interference  effects  of  the  fuse- 
lage  on  the  tail  and  the  tail  on  the  fuselage  were  obtained  from  refer- 
ence 10. In order  to  determine  the  interference  of  the  tail  on  the 
fuselage  (for  fuselage-tail  derivatives),  it was necessary  to  consider 
an equivalent  wing,  the  aspect  ratio  of  which was twice  that  of  the 
vertical  tail  or  ventral  fin. An interference  factor was then  obtained 
from  the  charts  of  reference 10 and  divided  by  two  to  reduce  it  to  the , 

appropriate  value  for  the  vertical  tail  or  ventral  fin.  The  isolated 
tail  derivatives  were  then  multiplied  by  the  appropriate  interference 
factor  which,  in  the  case  of  the  fuselage-tail  combination,  represents 

Lift  of  tail  in  presence  of  fuselage + Lift  of  fuselage  due  to  tail 
Lift  of  isolated  tail 

The  estimated  and  experimental  derivatives  of  the  tail  are  compared  in 
figure 33 for  various  configurations. Also, an indication  of  the  magni- 
tude  of  the  interference  of  the  fuselage  on  the  tail  is  shown  by a com- 
parison  of  the  estimated  curves  of  figure  33(a)  with  those  of  fig- 

3303). 

There  is  fairly  good  agreement  between  the  estimated  and  experimen- 
tal  variations  of  the  tail  increments  with  Mach  number  although  the 
estimated  values  are  lower  than  the  experimental  values  at a given  Mach 
number.  The  interference  of  the  fuselage  on  the  tail  accounts  for an 
increment  in  ACn  which  is  about  equal  to  that  produced  by  the  ventral P 

Presented  in  the  following  table  is  a  comparison  of  the  estimated 
and  experimental  fuselage-tail  derivatives  at a = Oo, with  the  esti- 
mated  values  including  the  interference  of  the  tail  on  the  fuselage  as 
well  as  the  interference  of  the  fuselage  on  the  tail: 
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C onf  igura t i or 

FW2v 

FVH2 

I I 

CnP 
I 

I I 

2.98 0.00534 0.00538 -0.01800 

(: E:;;:) (1: 
3.96 0.00363 0.00386 -0.01590 

-0.01495 

0.00271 0.00326 -0.014>7 

(: : :;;;(oo) 
-0.01121 

( .00130) ( -  .01240) 

( .00060) ( - .01080) 

The  values  in  parenthesis  are  wing  on,  the  first  value  being  for  the 
2 8 . 8 O  swept  wing  and,  where  two  values  are  given,  the  second  is  for  the 
45O swept  wing.  The  estimated  values  of C y  and C for  the  fuselage 
alone  were  obtained  from  reference 10 and,  since  for  the  fuselage  alone 
about  the  body  axes Czp = 0, the  values  of  the  fuselage-tail  deriva- 

tives CzP are  equal  to  the  tail-alone  values ACzp presented  in  fig- 

m e  33. 

P nP 

The  agreement  between  estimated  and  experimental  fuselage-tail 
derivatives  is  ,good,  better  agreement  being  obtained  for  than  for 
Cyp. The  investigation  of  reference 16 may  be  used  to  study,  in  detail, 
the  effects  of  vortex  and  shock-expansion  fields  and  changes  in  airplane 
geometry  on  the  directional  stability  of  a  given  airplane. 

CnP 

dmmmmmu 
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CONCLUSIONS 

I 

An investigation, at Mach  numbers  from 2.29 to 4.65, of  the  effects 
of  changes  in  Mach  number,  wing  sweep,  horizontal-tail  configuration, 
and  a  ventral fin  on  the  static  stability  characteristics  of  a  model  with 
a  wing  of  aspect  ratio 3 has  indicated  the  following: 

1. Configurations  with  the  horizontal  tail  on  the  fuselage  center 
line  generally  had  more  uniform  variations  of  pitching  moment  at  zero 
lift  and  static  longitudinal  stability  with  Mach  number  than  configura- 
tions  with  a  T-tail.  Configurations  with  a  T-tail  had  greater  stability 
at  high  Mach  numbers  and  experienced  erratic  changes  in  the  variation 
with  Mach  number  of  the  pitching  moment  at  zero  lift  and  in  static  longi- 
tudinal  stability  as  a  result  of  interference  of  shock  waves  from  the 
wing  leading  edge  with  the  horizontal  tail.  Configurations  employing  a 
45O swept  wing  had  greater  static  longitudinal  stability  than  those  with 
a 28.8O swept  wing.  When  sideslipped  over  a  large  range  at  a  given  angle 
of  attack,  configurations  with  a  T-tail  had  a  tendency  to  pitch  down  and ~- 

configurations  with  the  horizontal  tail  on  the  fuselage  center  line  had 
a  tendency  to  pitch  up.  This  trend  has  been  noted  previously  at  high 
subsonic  speeds  and  at  supersonic  speeds  -lower  than  those  of  the  present ;, 

investigation. At the  lower  Mach  numbers,  T-tail  configurations  had 
slightly  greater  directional  stability  at  low  angles  of  attack  than  con- t 
figurations  with  low  tails  whereas  at  the  higher  Mach  numbers  there was :- 

essentially  no  effect  of  tail  changes or a  change  in  wing  sweep  from 
28.8O to 45' on  directional  stability. 

i 

2.'All  complete  models  incorporating  a  ventral  fin  with  a  wedge  air- 
foil  section  were  directionally  stable  at  all  Mach  numbers  for  the  angle- 
of-attack  range  investigated.  The  directional  stability  decreased  with 
increasing  angle  of  attack  at  the  lowest  Mach  number  investigated  and  at -. 

a  given  low  angle  of  attack  the  directional  stability  decreased  with an il 
increase  in  Mach  number.  There  were  increases  in  directional  stability 
at  high  angles  of attack,at the  highest  Mach  number  due  to  the  effects 
of  the  wing  compression  field on the  ventral  fin  and  a  decrease  in  the 
unstable  contribution  of  the  wing-fuselage  combination. 

f 

3 .  The  experimental  variations  with  Mach  number  of  lift-curve  and 
pitching-moment  slope,  and  the  directional  stability  and  effective  dihe- 
dral  parameters  could  generally  be  predicted  with  good  accuracy  at  approxi 
mately  zero  angle  of  attack  by  theoretical  methods. 

Langley  Aeronautical  Laboratory, 
National  Advisory  Committee  for  Aeronautics, 

Langley  Field,  Va.,  April 12, 1958. - 
y 
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TELBLF, I.- PERTINENT MODEL DETAILS 

Wings : 
Sweepback a t  quarter-chord  line. deg . 
Total  area.  including  that  in  fuselage. 
Span. i n  . . . . . . . . . . . . . . .  
Root chord. i n  . . . . . . . . . . . .  
Tip  chord. i n  . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . .  
Mean aerodynamic  chord. i n  . . . . . .  
Distance from apex t o  0.265, . . . . .  
Airfoi l   sect ion . . . . . . . . . . .  

. .  
sq . .  . .  . .  . .  . .  
. .  . .  
. .  

. . . . . . .  
i n  . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  
. . . . . . .  . . . . . . .  
. . . . . . .  

. .  . .  . .  

. .  

. .  . .  

. .  . .  . .  
NACA 

28.8 
141.06 

20.57 
12.00 

1.72 
0.143 

3.00 
8.15 
5.21 

65~004 

Horizontal ta i l :  
Sweepback a t   l ead ing  edge. 
Total   area.   sq  in . . . .  
Span. i n  . . . . . . . . .  
Root chord. i n  . . . . . .  
Taper r a t i o  . . . . . . .  
Aspect r a t i o  . . . . . . .  
Mean aerodynamic  chord. i n  

Distance from 0 . 2 6 ~ ~   t o  T. Eh i n  . . 

deg . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  

Low tails  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T. t a i l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A i r f o i l s e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . .  

45 
141.06 

20.57 
12.00 

0.143 
3.00 
8.15 

NACA 65AO04 

1.72 

6.93 

. .  

. .  . .  

. .  

. .  . .  . .  

. .  

. .  
MCA 

Vert ical  t a i l  (exposed) : 
Sweepback of quarter-chord  line.  deg . . . . . . . . . . . . . . . . . .  
Area. s q   i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Span.in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tip chord. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mean aerodynamic  chord. i n  . . . . . . . . . . . . . . . . . . . . . . . .  

45 
36.72 
12.12 
6.06 

0 
4.00 
4.04 

14.64 
16.02 

6 5 ~ 0 0 4  

28.4 
33.00 
5.67 
7.86 
3.78 
0.48 
0.98 
6.05 

Distance  from 0 . 2 6 5 ~   t o  -. 5V i n  . . . . . . . . . . . . . . . . . . . . . .  12.26 

Airfoi l   sect ion . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 65A006 
4 

Ventral  fin  (exposed) : 
Sweepback of quarter-chord  line. deg . . . . . . .  
Area. s q   i n  . . . . . . . . . . . . . . . . . . . .  
Span. i n  . . . . . . . . . . . . . . . . . . . . . .  
Root chord. i n  . . . . . . . . . . . . . . . . . . .  
T i p c h o r d . i n  . . . . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . .  
A s p e c t r a t i o  . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic  chord. ;n . . . . . . . . . . . . .  
Distance  from 0 . 2 6 ~ ~   t o  3. i n  . . . . . . . . . . .  
Airfo i l   sec t ion  . . . . . . . . . . . . . . . . . .  4 

. . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  

. . . . . . . . . . .  
Wedge with 10' included 

28.4 
16.50 
2.35 
7.86 
6.17 
0.79 

7-07 
0.34 

11.51 
angle 

Fuselage : 
Length. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41.19 
Fineness   ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.9 
N o s e f i n e n e s s r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-25 
Center  of moments. percent  length . . . . . . . . . . . . . . . . . . . .  57 

- . . 
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TABLF 11.- AERODXNAMIC CHAWLCTERISTICS IN SIDEsrn 01 

2.294 
2.294 
2.294 

2.294 
2.294 

2.294 
2.294 
2 . 2 9 4  
2.294 

2.294 
2.294 

2.294 
2 a 294 
2.294 
2.294 I 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 

2.294 
2.294 

2.294 
2.294 

2.975 
2.975 

2.975 
2.975 

2.975 
2.975 
2.975 
2.975 

2.975 
2.975 

2.915 
2.975 
2.975 
2.975 
2.975 

2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 

2.975 
2.975 

2.975 
2.975 
2.975 
2.975 

2.975 
2.975 

2.975 
2.975 
2.975 
2.975 

2.975 
2.975 

2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 

- 

~ 

- 

- 
del2 
.08 
.10 
.07 
.07 
-06  
.08 
.08 
.08 
-09 
.07 
- 0 5  
- 0 3  
.OO 

-.01 
.OO 

8.46 
8.38 
8.55 
8.57 
8.57 
8.59 
8.61 
8.59 
8.61 
8 -61  
8 -61  
8.61 
8.63 
8.63 
8.58 

7.42 
7.35 
7.41 
7.42 
7.44 
7.45 
7.41 
7.41 
7 - 4 1  
7.42 
7.38 
7.42 

1 - 3 5  
7.39 

7.33 

-04 

-04 
- 0 1  

- 0 5  
- 0 5  
-03 
.OO 
.OO 
.OO 
.OO 
.01 
. O 1  
.OO 
.02 
.02 

8.42 
8.37 
8.44 
8.44 
8.44 
8 . 4 3  
8.41 
8.42 
8.41 
8.41 
8.41 
8 . 4 3  
8 . 4 2  
8.43 
8.41 

7.11 
7.12 
7.03 
7.17 
7.16 
7.14 
7 . 1 4  
7.12 
7.10 
7.08 
7.12 
7.10 
7.13 
7.15 
1.14 
-.01 

- a, 

- 

- 

- 

- 

- 

- 

CL I c, 

-0276 e0562 
a0218 00541 
.0258 -0531 
-0229 .048:  
a0191 a 0 4 0 t  

-0054 -0065 
-0134 -030' 

i3466 -.075f 

.3309 -a0435 
a3375 -.060( 

.3244 -a0301 

.3239 - s o 2 6 1  
-3206  -.O2ll 
.3189 -.Ole1 
.3158  -.015i 
,31291-.0151 
-3127 -a0151 
-3139  -1015i 

a6624 "1365 
a6677  -e1332 
-6817 "1314 
~ 6 8 0 5  "1395 
-6932  -e1433 
a6879 "1415 
-6952  -a1431 
-6926  -a1441 
. l o30  -a1525 
a7097 -.1b35 
e7176 -.I782 

. 7 2 8 2  -.194'1 
-7233 -a1854 

-7450 "2195 
17550 - a 2 4 6 2  

.O219I a0311 
a0241  e0310 
.0227 -0307 
-0230 - 0 3 0 8  
-0215  -0293 
.O201 . 0 2 8 1  
-0204  .0279 
-0171 a 0 2 4 5  
-0150 .0181 
e0081 a0083 
.0011  -.0121 
-0168 "0384 

-2911  -a0723 
~2800 -so429 
,2740  "0295 
,2705 - a 0 2 6 1  

~ 2 6 5 4  -60241 
~ 2 6 3 6  -.0223 
,2622  "0213 
~ 2 6 2 2  -a0216 
,2590  -no220 
,2595 - e 0 2 2 4  
.2580  -a0222 
,2551  -e0216 
,2588 "0217 
,2577 - 6 0 2 0 7  

.2687  -.024a 

i. CONFIGURATIONS INVFSTIGATEE 

4.95 -e0095 
3.98 - a 0 0 7 8  

6.05 "0112 
7.93 -.014? 

12.03 -1020e 
9.97 - e 0 1 7 7  

16.08 - a 0 2 7 0  
20.00 - a 0 3 2 8  

12.06 -.O221 
10.05 -a0172 

8 . 0 3  "0133 
6-09  -a0098 
4.98 -.oosi 
3.99 -a0064 
2.97 -a0048 

1.00 -.0018 
1.99 -a0032 

-1.02I .0011 

. O 1  -.0004 

-2.01 -0024  -4.03 I io054 

-4.09 .0122 

-2.04 I -0063 
-1.02 a0035 
-.02 I .ooli 
2.04 "0043 
1.03 -a0016 

3.03 -so073 
4.03 -a0101 
5.06 -60136 

10.11 -so294 
12.18 -a0354 
16.21 I - a 0 4 6 0  

I 
-4.02 10039 

-1.00 .0004 
-2.01]  -0015 

1.01 -.0020 
-00 -so009 

1.97 -a0032 
2.99 -e0045 
3.99 -.0051 
5.01 -a0070 
6.01 - a 0 0 8 2  
8.01 I -.0108 

10.06 -a0130 
12.05 -60155 
16.12 - e 0 2 0 4  
20.03 -so256 

20.08 - a 0 2 4 6  
16.15 -.0171 
12.12 -.0102 
10.07 -a0084 

6.05 -.0046 
8.06 -e0064 

4.04 -.0033 
5.02 "0039 

3.01 - e 0 0 2 4  
1.99 -a0016 
1.02 -.0009 

-01  -so003 
-1.02 .0000 
-2.00 .0007 
-4 .02 ,0024 

-2.00 .0041 
-4.05 -0065 

-1.01 -0027  

1.03 -a0005 
-01  -0009 

2 . 0 4  -a0023 

4.06  "0055 
3.03 -a0042 

5.05 -e0070 
6.06 -.0085 
8.09 -e0114 

10.12 -a0153 
12.18 -so192 

20.11 - a 0 4 2 7  
16.19 -e0290 

10.02 .0000 
I 

a0086 -.0221 
-0158 "0413 
a0239 -rob39 
-0311 - a 0 8 4 4  
a0385 -.lo53 
a0464 -e1305 
.Ob06 -a1752 
a0749 -.230a 
~ 0 8 7 7  -e2902 
-1105 -r4078 
a1365 - a 5 2 1 6  

~ 0 1 5 0  " 0 8 7 8  
-0205 "1153 
a0259 "1425 
-0385 "1992 
a0526 "2552 
,0681 "3218 
.0933 "4356 

.0000 I .0016 
e 0 0 5 2  "0175 
e0108 "0337 
~ 0 1 6 1  1 -so520 
; O i l 5  -.0700 

,0320 -.1100 
-0268  "0899 

a0429 -.1532 
-0524 - . 2 0 2 8  
a0624 -.2518 
,0829 "3583 
-1067 "4643 

-0969 "4690 
-0741 -a3616 
-0541 " 2 6 0 3  
-0450 -.2122 

-0124 "0589 
a 0 0 8 2  -so388 
-0041 -e0223 

,so035 .01b0 
a0000 -so032 

, a 0 0 7 4  a0329 
,0161 ,0715 

.e0151 -0887  

~0038 a0236 
e0066 -0442 

.on05 .no24 

m0053 -so410 

10130 -a0850 
.0092 -.Ob35 

a0175 -a1089 
~ 0 2 2 8  "1347 
-0327 -a1850 
-0430 -.2339 

: 

I 
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Configuration M 

3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
I 

3.963 
3.963 

3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 

3.963 
3.963 

3.963 

3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 

4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 

4.653 
4.653 

4.653 
4.653 
4.653 
4.653 
4.653 

- 
a, 

deg 

-04 
.02 

e04 
.02 
.03 
a02 

.O1 

.Ol 

.O1 

-.01 
.OO 

-.O2 
-.02 

8.26 
8.26 
8.26 
8.26 
8.24 
8.25 
8.23 
8.21 
8.21 
8.21 
8.22 
8.23 
8.23 

6.91 
6.87 
6.86 
6.90 
6.91 
6.89 
6.89 
6.89 
6.89 
6.90 
6.91 
6.92 
6.91 

.02 
-04 
.02 
.02 
.02 
.02 
-03 

-03 
.02 

.03 

.03 
-04 
-03 

8.23 
8.21 
8.18 
8.21 
8.21 
8.22 
8.22 
8.20 
8.20 
8.20 
8.22 
8.22 
8.24 

6.80 
6.80 
6.75 
6.83 
6.81 
6.79 
6.77 
6.78 
6.86 
6.86 
6.82 
6.82 
6.83 

- 

- 

- 

- 

- 

- 

- 
CL - 

.0212 

.0201 

.0213 
-0223 
.0212 
e0223 
.0210 
-0198 
e0185 
e0158 
-0106 
-0055 
e0075 

e2056 
e2068 
a2050 
a2064 
.2084 
02097 
.2081 
,2126 
,2133 
,2169 
e2192 
a2227 
a2368 

a 4 4 8 8  
-4503 
.45W 
.4595 
,4612 
e4651 
-4649 
a4662 
e4697 
,4713 
- 4 7 5 7  
a4813 
-4952 

_. 

,0092 
a0109 
a0098 
,0114 
e0103 
-0091 
.0106 
-0095 
.0082 
,0028 
.0001 
a0053 
-0196 

-2003 
,2014 
.2028 
a2035 
-2045 
-2065 
.2101 
,2118 
.2101 
a2153 
a2207 
-2259 
a2405 

-4304 
~ 4 3 0 9  
~ 4 3 2 4  
.4387 
-4413 
-4415 
-4456 
-4505 
,4567 
-4581 
-4628 
.468C 
.482C 

- 

- 

- 
c, __ 

~ 0 3 9 2  
,0395 
.0401 
a0403 
-0402 
-0401 
80389 
, 0 3 8 3  
-0358 
-0287 
.O182 

-a0204 
,0057 

.a0229 
-e0234 
..0228 
-e0229 
-.0228 
.a0225 
.so215 
-a0224 
-a0232 
-00252 
-a0278 
-a0313 
-e0464 

-a0355 
-so353 
"0355 
-a0356 
-e0354 
-60363 
"0367 
"0376 
-e0388 
-a0409 
"0445 
-a0479 
-a0675 

a0270 
a0273 
a0267 
a0269 
a0268 
-0267 
.0259 
a0249 
.0228 
.0170 

-.0005 
-0091 

-.025b 

"0275 
-e0276 
-a0272 
"0273 
-a0274 
"0276 
- . O Z 8 O  
-.O202 
"0279 
-60304 
- e 0 3 4 4  
-a0407 
"0591 

"0382 
-a0313 
"0365 
-e0373 
-a0381 
"0391 
-a0410 
-so435 
"0458 
- a 0 4 7 4  
-a0498 
-a0511 

~ 

- 

~ 

~ 

- 

* 

0 I c, 

4.03  -60023 
5.02 -a0029 
6.02 -60037 
8.05 "0049 

10.07 "0065 
12.06 -.0080 
16.13 "0125 I 

1.00  1-.0002 
2.01 -.0008 
3.05 -e0013 

6.09 -60031 
8.02 -so050 

10.09 "0072 

1.02 -so009 

3.01 -a0019 
1.97 -so014 

2.99 -e0009 
1.99 -so005 

5.03 -.0011 

,0081 -.0314 
,0119 -10474 
,0153 -.Ob13 
,0189 -.0784 
,0228 -a0959 
,0297 -e1320 
,0368 -.1702 

,0098 "0506 
,0136  -e0687 
~ 0 1 1 1  -e0873 
,0203 -.IO60 
-0266 -.1422 
~ 0 3 3 5  -81830 
,0396  -a2210 
,0551 1-.3106 

,0075 ~ 0 4 2 8  
,0033 I ~ 0 2 1 2  
,0003 ,0018 
,0028 "0191 
,0068  -e0406 
,0109 -.Ob30 
,0148 "0835 
-0190 "1042 
,0235 "1285 
,0325  -e1714 
,0397 -.2165 
,0450 "2581 
~ 0 5 5 3  -a3436 

~ 0 0 5 6  -0258 
~ 0 0 2 6  -0124 
,0008 -a0030 
,0038 -e0174 
~ 0 0 6 7  -e0308 
~ 0 0 9 7  -.Ob53 
no124 -.Ob05 
~ 0 1 5 1  -a0748 
.0179 -a0911 
.0233 -.1246 
,0289 -e1594 
~ 0 3 5 1  -a1955 
~ 0 5 3 9  -.2838 

,0045 ,0254 
e0018 e0109 
,0011 -e0065 
.0036 -.O23O 
.006l -.0374 
moo92 -e0547 
a0124 -a0718 
~ 0 1 5 2  - a 0 8 7 3  
,0183 -e1044 
~ 0 2 3 2  -81370 
.0293 -a1753 
-0360 -a2135 
-0509 -a2968 

-0078 - .0463 
-0119 -00654 
-0159 -a0866 
60201 -e1070 
-0252 -.I301 
~ 0 3 2 9  "1711 
a0392 -a2118 

21 

" 
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CTSRIS! - 
de& 

.04 

.04 

.04 

.04 
e04 
-03 
-03 
-04 
-06 
-06 
-04 
-05 
-05 
-04 
.08 

8.65 
8-66 
8.69 
8.66 
8.65 
8.63 
8.63 
8.62 
8-63 
8.63 
8.63 
8.62 
8.63 
8.63 
8.61 

7.35 
7.26 
7.33 
7.31 
7.30 
7.40 
7.39 
7.35 
7.36 
7.37 

.7.43 
7.39 

.7.45 

.7.45 

.7.48 

-03 
-05 
-03 
-03 
-05 
-05 
-05 
-07 
-07 
-05 
-05 
e04 
-04 
-06 
e06 
-07 

8.51 
8.49 
8.43 
8.42 
8.41 
8.42 
8 . 4 2  
8.41 
8.39 
8.39 

8.38 
8.38 

8.38 

8.40 
8.38 

17.03 
16.91 
17.01 
17.00 
17.04 
17.04 
17.03 
17.02 
17.02 
17.01 
17.03 
17.03 
17.04 
17.08 
17.11 

a, 

- 

~ 

- 

- 

~ 

- 

:s IN SIDESLIF 01 “ TABLE 11.- AIZODYNAMIC Cl - 
M - 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 

‘a0094 ,0268 
‘~0110 60273 
‘.0112 .0281 
‘.0111 -0289 
..0111 .O297 
,so125 e0310 
‘a0137 -0335 

1.02 “0023 

2.97 -e0043 
1.97 -.0032 

4.96 -e0067 
3.98 “0055 

7.96 -.010b 
5.98 -.0080 

-0137 “0354 
- 0 2 0 8  -a0563 
a0272  “0759 
a0346 -.0970 
.0419 -a1203 
- 0 5 5 8  -a1651 
e0691 1-.2188 

12.00 -e0149 
16-08 -e0187 
20.04 -.O212 

.0801 -e2739 
a1027 “3926 
-1237 - e 5 0 8 8  

2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 

-3242 -so107 
-3347 -e0234 
-3453 -e0355 
e3475 -so448 
-3550 -a0559 
-3565 “0663 
-3542 -00692 
-3572 -80742 
- 3 5 8 3  -.0773 
-3549 -a0784 
-3591 -so819 

e0462 -a1807 
,0346 -a1300 
. 0 2 8 4  “1046 

3.98  1-.0050 -0225 1-.0842 
3.02 -e0036 
2.00 -.0023 
1.03 -so013 

-0169 -e0634 
.0113 -a0416 
-0059 “0215 

.3559 1-.0820 

2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 

e0176 a0970 

- 0 0 4 5  -0258  
-0089 ,0523 

.0011 e 0 0 5 8  

-6829 “1554 
e6927 -01638 
-7003 -.lb64 
-1084 -e1689 
-7056 -e1676 
.7179 -a1688 
-7141 -a1664 
-7157 -a1641 
-7105 - a 1 5 6 0  

-2.04 ~ 0 0 4 6  

-1.02 I -0025 a 0 0  .0009 
.0027 -e0179 
6 0 0 5 8  -e0403 
-0102 -.Ob54 
e0140 -e0868 
-0190 -a1120 

e7167 - a 1 5 4 8  
-7049 “1397 
-7080 -.1274 

-0242 -a1414 
a0347 -e1906 
-0472 -a2523 

2.975 
2.971 
2.975 

2.971 
2.971 

2.971 
2.971 
2.971 
2.975 
2.975 
2.971 
2.971 
2.971 
2.975 
2.971 
2-97: 

.0012 
60004 
.0015 
.0011 

..0001 
.0006 

..0006 
a0013 
-0009 
.0006 
e0003 
.0001 
.0005 
-0005 
.0012 
.0000 

,0194 
-0186 
a0191 
-0189 
-0191 
a0191 
,0192 
-0190 
-0194 
~ 0 2 0 5  
~ 0 2 1 4  
-0232 
. O Z 4 2  
,0241 
-0261 
-0303 

2.971 
2-91: 
2.971 
2.975 
2-97: 
2-97: 
2.971 
2.971 
2.971 
2.971 
2.97! 
2.971 
2.975 
2.971 
2.971 

- 2 8 5 1  /-a0152 
-2876 ,-a0198 
- 2 8 8 2  -60277 

20.10 -e0197 
16.18 -.0140 
12.12 -.0086 

-0910 -a4635 
-0699 -.3588 
.051a -.2589 

10.09 -so068 
8.06 -.0051 
6.03 “0044 
5.05 -e0038 
4.02 -60031 
3.02 - s o 0 2 4  
2-01 -a0016 
1.05 -.0010 

-1.00 .0001 
-01 -e0005 

-1.99 e0007 
-4.01 .0020 

-2914 - s o 3 8 8  
-2952 -10459 
-2952 - s o 4 9 0  
;2954 1-.0522 

2.971 

2.971 
2.97! 

2.971 
2.971 
2.971 
2.971 
2-97! 
2.97! 

2.97! 
2-97! 

2-97! 
2-97! 
2.97! 
2-97! 

-4.04 
-2.03 
-e99 
“03 

-0049  
-0030 
-0019 
.0008 

1.03 .oooo 
2.03 -a0012 
3.06 -.0024 
4.07 “0036 

ab037 -.1398 
-6097 “1396 
-6062 “1359 

5.10 “0049 
6.07 -60062 
8.10 -a0087 

-6111 -.1301 
+bo81 -.1234 
a6029 -a1145 
-6019 -.lo63 
e6034 ,-e0936 
-6037 -e0807 

I 

-0435 ”2367 
-0535 “2875 

-0865 - a 4 8 7 0  
.0709 -.3m 

I 



NACA ~ 5 8 ~ 0 6  

L ABLE 11.- bERODYNAMIC C W C ' E R I S T  
I 

3-96? 
3-96? 
3-96? 
3-96? 
3.968 
3-96: 
3-96? 
3-96? 
3-96? 
3-96? 
3.963 

3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 

3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.9'63 
3.963 
3.963 

4.653 
4.653 
4 .653  
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4 .653  
4 .653  

4.653 
4.653 

4.653 

__ 

- 

~ 

L 4.653 
4.653 
4.653 
4.653 

a, 
deE 

- .01 
.01 

- .01 
.O1 

-.01 
- .01 

.O1 

.01' 

- .01 
.01 

-.01 
-.01 
-.01 

. O O  

.02 

8.31 
8.27 

8 .32  
8 . 3 3  

8 .32  
8 . 3 3  
8 .32  
8 .32  
8.32 
8.31 
8.29 
8.29 
8.29 
8 .31  
8 .31  
8.32 

16.73 
16.69 
16.66 
16.60 
16.61 
16.61 
16.59 
16 .59  
16.79 
16.17 
16.78 
16-78  

16.79 
16.78 

16.80 
16.85 
16.85 

-03  
.OO 

- .02 
. O O  

.OO 

.OO 

.OO 

.OO 

.OO 

.OO 

.02 

.02 

.OO 

.O1 

.01 

8.29  
8 .25  
8.26 
8.28 
8 . 3 0  
8.29 

8 .29  
8.29 

8 .29  
8.27 
8.25 
8 .27  

8.28 
8.27 

8.29 

- 

- 

- 

- 

- 

16.67 
16.61 
16.52 
16.49 
16.68 
16.67 
16.65 
16.65 
16.65 
16.63 
16.66 
16.66 
16.65 
16.70 
16.74 

ICs Il4 S I D E S L I P   O F C O N F I G U R A T I O N S  INYESTIGATED - Continued 

,0216 -0193 

-0289 -0192 
,0301 e0194 

.or16  ,0186 

.203a - .0051 

~ 2 0 3 3  
~2017 

-so073 
-e0071 

.2010 -.0101 
~ 1 9 8 7   - s o 1 1 8  
-1957 
a1953 

-a0143 
-e0175 

-1945 - .0211 
-1937 -so194 

a1924 - a 0 2 2 1  
-1911  -e0228 
-1921 -10237 
,1916 -a0237 
a1897 -no242 
-1892 - s o 2 3 4  I a1867 - . O Z l l  

a4415 - e 0 7 7 5  
-4438 -e0782 
a4513 - a 0 8 0 7  
a4530 - so817 
-4565 - a 0 8 3 3  
-4564 - a 0 8 2 4  
a4556 -a0815 
-4611 -a0822 
-4615 -e0842 
-4709 - s o 8 4 3  
. 4 7 0 5  -.OB41 
~ 4 7 3 9  - e 0 8 5 0  
a4749 -e0835 
-4761 -e0191 
-4773 -e0727 
-4718 - a 0 5 6 4  
-4174 -a0470 

.0155 

~ 0 1 6 7  a0066 
,0175 ~ 0 1 1 0  
a0159 -0120 
a0159 a0123 
-0148 -0123 
-0137  .0152 
-0133 -0164 
a0121 -0150 
- 0 1 0 9   ~ 0 1 3 4  
a0106 -0146 
a 0 1 0 2  a0156 
.0108 a0167 
,0105 -0149 
.0121  .0159 
e0125 

a2144 -a0136 
a2100 "0143 
-2061 -e0145 
-2033 -e0142 
-2036  -80162 
m2008 -60183 
~ 2 0 2 9  - a 0 2 0 0  
-2016 -so209 
.ZOO4 - .0212 
,1991 -so216 
-2007 -a0218 
~ 2 0 1 5  "0234 
,2009 "0233 
. I999  -.O222 
,2000 -.O218 I ~ 4 3 9 7  - n o 7 7 6  
,4419 -a0772 
n4662 - s o 1 5 8  
,4486 "0771 
n4561 -a0791 
~ 4 6 1 4  - e 0 8 0 2  
,4618 -.OB07 
,4652 -.OB21 
,4681 -e0840 
,4697 -a0852 
,4734 "0851 
~ 4 7 7 7  -e0823 
,4783 -so774 
~ 4 7 6 0  -.Ob37 
,4819 "0564 

R I  

1 
20.05 "0146 
16.16 - .0095 
16.16 -e0091 

10.03 -e0059 
12.08 -so069 
16-11 - .0100 
19.99 -.0144 

1 

i 

-0689 -e3899 
-0514 -a2970 
~ 0 5 1 1  -e2969 
-0363 -12103 
a0311 "1721 
.0247 - . I332  
-0189 -e0984 

e0656 -a3784 
.0490 -12880 
-0336 "2065 

a0221 "1344 
,0273 -e1685 

r0171 - . l o 0 3  
-0139 -a0839 
-0113 -a0673 
.0081 -e0510 

a 0 0 2 4  -e0187 
-0051 - so343  

.0002 -.001a 
-0025  -0139 
-0051 ~ 0 2 9 5  
-0115 -0628 

" 
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TABU 11.-  AERODYNliMIC C~CTERISTTCS IN SmESJi 

I r M - 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 

2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2 0 294 
2.294 

2.294 
2.294 

2.294 
2.294 
2.294 
2.294 

2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 

2 a.294 
2.294 

2.294 

- 

__ 

2.915 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.915 

2.975 
2.975 
2.975 
Z.915 
2.975 
1.975 
1.975 
Z.975 
1.975 
1.975 
1.975 
1.975 
1.975 
!e975 

- 

!.975 
!.975 
!.915 
!.975 
1.975 
'-975 
t.975 
t.975 
' ~ 9 1 5  
1.975 
'-975 
'-915 
1.975 
1.975 
1.975 

- 
" 

" 

" 

1 
1 
1 
1 
1 
1 
1 
1' 
1' 
1' 
1 
1' 
1' 
1' 
1 
" 

- 
€ 
€ 
E 
€ 
E 
E 
e 
e 
e 
e 
8 
8 
8 
8 

17 
17 
11 
17 

- 

17  11 
17 

17 
17 

17 
17 
17 
11 
17 
11 

- 

- 
de! - 
.01 
.0l 
.O1 
.O1 
.0- 
.O: 
.O; 
.O; 

.0: 

.0; 

.Of 

.Oi 

.O: 

.ll 

.Oi 

8.71 
8-67 
8.65 
8.66 
8.61 
8.65 
8.64 
8.6? 
8.65 
8-64 
8.64 
8.62 
8.62 
8.60 
8.60 

7.34 
7.31 
7.35 
7.36 
7.35 
7.35 
7.34 
7.37 
7.35 
7.46 
1-46 
7.48 
7.50 
7.52 
1.56 

e04 
- 0 4  

-06 
-06 

-09 
-04  
.02 
.02 
.02 
.02 
-03 
.O1 
a07 
.10 
-09 

1.53 
1.50 
1.49 
1.50 
1.49 
1.46 
1.47 
1.50 
1.50 
1.51 
1.49 
1.49 
1-47 
,.47 

-05 
.02 
-04  
.08 
.ll 
-09 
.10 
-07 
e06 
-05 
.08 
.08 
-09 
e14 
a16 

- 

- 

- 

- 

- 

- 

CL cm 

:::it; :::;: 
.mol04 e0408 
..0120 ,0414 
-.0150 a0410 
-so169 ~ 0 4 1 7  
.e0168 a0419 
.a0167 -0431 
.a0161 .0440 
..0194 ,0454 
.e0189 a0419 
.a0193 -0518 
.e0217 ~ 0 5 5 2  
'a0275 ,0647 
'a0351 -0770 

-2984 e0405 
-3128 a0173 

-3355 -a0114 
-3262 -a0049 

-3439 -.0314 
~ 3 4 5 1  - s o 4 3 8  
-3460 - s o 4 8 8  
e3472 -a0540 
-3469 -.0512 
a3482 -bo596 
e3493 -a0616 
-3511 -a0621 
-3480 -a0611 
a3449 -00596 
-3421 -80531 

-0058 I -0299 
-0048 a0291 
a0054 ~ 0 2 9 2  
-0041 a0290 
.0041 - 0 2 8 7  

~ 0 0 1 9  a0315 
e 0 0 7 8  -0326 

-0075 a0377 
e0079 a0350 

-2686 I e0233 
e2753 a0110 
-2774  -e0015 
a2850 -a0097 
-2863  -a0192 
-2895  -a0291 
a2912. -a0332 
a2911 -a0361 
-2913 "0390 

-5815 "1099 
.5937 -.1180 
-5935 -a1176 
-5985 "1190 
e6001 -.I184 
e6003 -e1183 
-6027 -.ll42 

-6017 -a1108 
-6007 "1166 

06023 -e1060 

-2.04 -1:;;l .00311 -0056 a0005 . O O O ~ ~  -0354  -0190 

1.04 -a0013  -a0006  -a0121 
~ 0 0 1 0  .0000 a 0 0 3 4  

16.41 "0462 .0251 -a3309 
20.31 "0569 -0352 "4275 

-4.00 a0048 -a0019 a 0 4 6 3  
-2.00 -0018 -a0038 -0211 
-1.00 e0006 -.0021 -0102 

1-02 -.0021 -0015  -+0128 
a01 -.0008 -.0001  -.OO26 

2.07 "0035 00036 -a0255 

4.04  -.OO64 60079 -a0520 
3-00 "0049 -0058 -a0389 

6.16 -+0091 .0121 -10847 
5.03 -so080 .0101 -a0670 

8.07 -a0124 -0173 -a1178 
10.09 -a0150 ~ 0 2 1 9  -a1562 
12.18 -so114 -0258 "1999 
16.22 -e0217 a0346 -a2861 
20.18 -so269 -0465 -.3775 

20.24 -.0311 -0311 -.3713 
16.28 -+0233 -0195 -a2811 
12.26 -80173 -0103 -a1950 
10.15 -.0135 .0072 "1551 
8.13 -.0107 -0037 "1165 
6-09 -.0017 -0008 -.OB29 
5.09 "0065 e0000 "0686 
4.04 -.0050 -a0003 -e0534 
3.01 -e0038 -a0006 - so408  
2.03 -so025 -.0008 -e0283 
a 0 0  - e 0 0 0 4  -.0003 -e0050 

-1.01 e0007 .OOOp 00066 
-2.03 e0020 ~0001 ,0181 
-4.03 -0045 -a0002 a0420 

-4.01 -0081 ,0058 -0523 
-2.02 -0045 -0043 a0236 
-1.00 00028 -0025 -0095 
-.01 -0009 a0010 -e0031 
1.06 -.0006 -a0015 "0171 
2.04 -.0025 -a0030 -so298 
4.09 -.0067 -.0054 -e0593 

hntinued 

I '  
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INYESTICATED - Cantinucd 'CTE 

de 

.O 

.O 

.O 

.O 

.O 

.O 

.O 

.O 

.O 

.O 

.O 

.O 

.O 

.O 

.O 

8.3 
8.2 
8.3 
8.3 
8.2 
8.2 
8.2 
8.2 
8.2 
8 . 2  
8.2 
8.2 
8 . 2  
8.2 
8 . 2  

6.8 
6.8 
5.8 
5.8 
5.8 
5.8 
5.8 
6.9 
5.91 
5.8 
5.8 
5.8 
5.9 
5.9 
5.9, 

.O 

.O 

.O . 01 

.01 

.01 

.01 

.O 

.O 

.O: 

.O: 

.0: 

.O 

.01 

.O' 

3.21 
3.2' 
3.24 
' . 2 5  

- 2 3  
- 2 3  
.20 
.20 
.20 
.18 
.20 
.20 
.20 
.21 
-23 

.77 
-70 
a70 
.74 
.74 
-72 

.73 

.73 

.73 

.73 

.74 

.78 

.75 

.73 

.80 

- 

- 

- 

- 

- 

- 

- 

CS IN __ 
CL 

RISTI - 
B L  

2 -  
2 -  
4 -  

4 -  
5 -  

4 -  
4 -  
3 -  
3 -  
1 -  
1 -  
1 -  

4 -  
2 -  

6 -  

1 
9 
1 
0 
8 
7 
7 
7 
7 
6 
8 
8 
8 
8 
8 

6 
2 
5 
1 
5 
5 
b 
0 
0 
7 
7 
5 
1 
5 
8 

3 -  
2 -  
2 -  
3 -  
3 - ,  
3 -  
3 -  
1 -  
1 -  
? -, 
2 - I  

2 - I  

3 - a  

1 - I  

3 - a  

5 ,  
3 ,  
% I  

" 

" 

" 

" 

- .  

" 

- 

~ 0 2 5 3  
0025C 
sO24C 
e0205 
-0238 
-0249 
a0236 
.0248 
-0256 
-0264 
-0279 

a0236 
a0271 

- 0 3 0 2  
.03+0 

a2037 
.2011 

a 2 0 4 2  
-2024 
.2012 
,2005 
-2042 
-2019 
-2027 
.2020 
,2021 
.2Ol4 
-2016 
.a012 
-1980 

04506 

e4677 
a 4 5 8 0  

-4676 
.4735 
e4729 
-47b9 

.4779 

.OB01 

.*BO0 

.4793 
-4832 
. a 2 4  
-4817 
.4839 

-0270 
-0248 
-0264 
,0281 
,0271 
~ 0 2 5 9  
~ 0 2 7 5  
~ 0 2 9 1  
~ 0 3 0 5  
,0291 
,0318 
,0316 
,0341 
,0352 
~ 0 3 5 7  

__ 

__ 

_. 

a0275 2.00 -.0029 
e0278 3.01 -.004l 
e0289 4.00 -a0052 
~ 0 3 0 2  5.00 -e0063 
-0316 6.07 -so074 
.0344 8.10 -e0095 
a0362 10.09 -so114 
-0374 12.10 "0132 

-0073 "069 
-0105 -.lo0 
-0134 "133 
-0165 -a167 

' I  i 

-0246  120.151-.0256 

3.961 
3-96: 

3-96? 
3.961 

3-96? 
3-96? 
3-96: 

3.963 
3-96? 

3-96? 
3-96? 

3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 

3.963 

4.653 
4.653 
4.653 
4.653 

,0023 I ;.08I-.OO71 
-0052  -05 -60059 
a0075 4.02 -a0046 
,0097 3.03 -e0035 
60109 2.02 -a0024 
.0123 1.05 -e0014 

e0132 -1.01 .0006 
,0122 -a01 -a0003 

-0124 -2.01 ~ 0 0 1 7  
-0086 -4.05 ,0037 - 

- 

-. -. -. -. -. -. -. -. - -. -. -. -. -. -. -. -. -. -. -. -. -. -. -. 
- 

-0015 - e 0 1 2  
a0028 - e 0 2 4  
,0038 -a038 

-0054 "066 
-0047 -a051 

a0055 -.082' 
.0055 -.llZ 
80051 -.145 

-0029 -047 
.0018 -027 
-0012 -016 
~ 0 0 0 7  eOO6' 

-0235 -4.03 -0031 
-0219 -2.00 .0013 
.O222 -1.01 .0002 
-0220 a00 -.0007 
-0209 1.03 "0015 
-0213 2.00 - i o 0 2 4  
-0221 3.01 -.0033 

a0251 5;OO "0053 
~ 0 2 5 9  6.06 -.0060 
.0288 8.05 -.0078 
a0309 10.08 "0095 
.0333 12.10 -.0112 
.0390 16.15 -.0160 
-0450 20.04 -so228 

.0233 4!01 -.0042 

.0000 -so03 

.0006 -so14 
e0009 -.023' 

4.653 
4.653 
4.653 

4.653 
4.653 

4.653 
4.653 
4.653 
4.653 
4.653 

4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 

4.653 
4.653 
4.653 
4.653 
4.653 
4.653 

4.653 
4.653 

4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 

- 

- 

- 
,1803 
,1779 
,1759 
1731 
1705 
1700 
1690 
1702 
1685 
1698 

-0123 "289 
a0026 -.208' 
-0020 -.142' 
10033 -.115L 
,0034 -.OB81 
,0029 "0637 
,0030 1-.0513 
,0028 -00387 
so028 "0271 
,0025 -a0156 

1688 
1671 
1690 
1651 
1653 

0499 
0521 
0531 
0548 
0544 
0542 
0537 
0534 
0529 
0531 
0504 
0467 
0411 
0265 
0147 

4055 
4086 
4138 
4166 
4182 
4209 
4214 
4239 
4243 
4270 
4302 ~ 

4334 

' 

' 

4343 
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TP5LE 11.- A m 1  

configuration 

U+vH3" 

2.294 
66913 17.25  2.294 
-6984 17.19 2.294 

-6797 17.30 

2.294  17.15  -6927 
2.294  17.18 

-6926 17.18  2.294 
-6933 

,6892 17.32  2.294 
e6994 17.31  2.294 
a7043 17.32 2.294 
-7046 17.31  2.294 
-7078 17.35 2.294 

2.295 17.35 r6791 
2.294 17.33 ,6859 

2.294  17.39 e6662 
2.294 17.38 r6637 

2.975 a05 I .0009 
2.975 e04 

-.0048 a05 2.975 

-e0017 
- .0025 -06  2.975 

2.975 -07  -.0054 
2.975 -07  -.0058 
2.975 - 0 5  -.0100 
2.975 a00 -.0104 
2.975 -e01  -.0142 
2.975 " 0 2  - s o l 6 2  
2.975 "04 -.0182 
2.975 "04 -60196 
2.975 " 0 2  -.0231 
2.975 -02 

-.0303 "01 2.975 
-.O291 

2.975 17 00 e5785 
2.9751 l6:95 I - 5 8 2 0  

iW%5LIP OF ; C0NFIWiWl"l'TII 

-.0005  (20.07 1 - s O 2 8 2  

- .0804 3.00 - e 0 0 3 4  
-.0832 1.97 - .0022 
-.0865 1.01 - so013 
- . 0 8 8 4  . O 1  -.0001 
-so890 -1.00 a0012 
-so871 -1.99 a 0 0 2 2  
-so816 -4.01 a0049 

-a1645 -4.06 a0081 
-.1720 -2.02 10041 
-a1756 -1.00 bo023 
-.1735  .01 

-.0010  1.04 -a1724 
.0008 

" 0 4 5 4  20.18 -.0821 
-a0350  16.25 b.0971 
-a0251 12.17 - . l l 6 l  
-e0203 10.16  "1291 
-a0160 8.13 - r l 4 1 5  
"0118 6.11  -a1557 
-a0096 5.09 -.1618 
-a0074 4.06 "1670 
-a0051 3.04 -.1713 
-a0030  2.03 -.1703 

e0156 -4.00 -0028  
-0151 -1.99 a0010 
a0152 -1.00 e0003 
,0151 -01  -a0005 
,0156 1.01 -a0013 
00160 1.99 - . 0 0 2 2  
.0175  2.99  -.0029 
-0188 3.97 -a0039 
.OZO6 4.99 - s o 0 4 8  
.0224 6.01  -so058 
a0259 8.01 -a0076 
-0289 

-.0135 16.11  -0391 
-a0107  12.06 -0324 
-a0093 10.04 

-a0165 20.05 -0430 

-.0'016 20.09  -a0180 
"0105 16.18  -a0129 
-a0207 12.12 -a0086 
-a0256 10.07 -.0074 
-e0319 8.04 -.OO64 
-.0431 6.05  "0037 
- 4 0 4 8 4  5.05 -.0026 
"0519 4-02 -a0019 
-a0552 3.01 -.0014 
-do581 2.01 - .0008 
-.Ob06 1.02 -so004 
-.Ob22 - 0 1  rOOOl 
"0618 -1.00 .0002 
"0606 -2.01 ,0008 
"0550 -4.02 ,0018 

7.1385 -4.04 ,0046 
"1435 -2.01 -0026 
"1436 -1.01 a0016 
"1432 e02 b0010 
-a1431 1.02 -.0002 
-a1419 2.03 -.0011 
-.1384 3.04 -.0023 
"1351  4.07 -.0035 
-a1306 5.06 -so047 
"1339  5.06  "0049 
-e1300 6.09 -so061 
"1235 8.10 -.0087 
-.1143 10.13 -.0122 
-61041 12.16 "0156 
-80903  16.21 -.0229 
-.0756 20.16 " 0 3 2 6  

;a145 -.a355 
-0215 -so544 
-0291 -so764 
-0361 "0963 
-0432 - a 1 1 8 1  

a0944 -.4045 
-0687  -a2817 
.0594 I -.2349 

-0347  "1310 

-0233 - a 0 8 4 8  
e0287  -.lo68 I 

e0155 
a 0 4 2 8  a0070 
a0214 a0034 

,0894 

.0002 -e0023 
~ 0 0 3 1  -so256 
-0066  -a0466 
-0105 

"1983 -0343 
"1464 -0238 
-a1203  ,0191 
-60938 -0145 
-.Ob93 

a0601  "3169 
a0466  "2566 

-0843  -.4310 
61015 -.5383 

-0199 .Ob80 
-0092 -0322 

,0000 .000b 
00049 a0179 

a0052 -a0161 
-0105 -e0340 
a0154  -e0502 
-0205 -.Ob81 
60254 -a0875 
a 0 3 0 8  -.lo72 
,0405  "1495 
a0508 -.ZOO4 
,0594 -.2481 
.0774  -.3459 
-1002 -e4546 

-0917  -a4627 
-0702 "3583 
-0524  -.2512 
-0438 "2116 
-0359  "1653 
-0257  -a1196 
-0206 -a0999 

-0125  "0599 
-0162  -a0774 

.OD82 -a0406 
a0044 -a0231 

,0034 a0112 
a0004 "0057 

-0076 a0305 
~ 0 1 5 3   ~ 0 6 5 4  

-0133 -0800 
-0058 ,0361 
a0027  a0157 
-0004 "0055 
a0027 -e0265 
~ 0 0 5 0   - s o 4 8 9  
-0095 "0686 
-0135  -so928 
-0179  "1156 
-0183  - . l lbB 
,0232 -a1421 
-0327 "1910 

-0522  - a 2 8 0 5  
-0426 -e2400 

-0691  "3896 
~ 0 8 3 9  -e4878 

:ontinued 



NACA ~ 5 8 ~ 0 6  

3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
13.963 
3.963 
3.963 
3.963 

3.963 
3.963 
3.963 
3.963 

3.963 
3.963 

3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 

3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 

L 3.963 
3.963 
3.963 
3 .9,63 

4.653 
4.653 
4.653 

4.653 
4.653 

4.653 
4.653 
4.653 
4.653 
4.653 

L 4.653 
4.653 
4.653 
4.653 
4.653 

4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 

4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 

4.653 
4.653 

:rERIs' 
a, 

des 

-05 
-06 
.03 
.01 
.01 
.02 
.O1 
003 
-03 
-03 
a03 
.03 
.01 
.03 
605 

_. 

- 

3.37 
3.31 
3.29 
3.28 
3.31 
3.31 
3.29 
3.29 
3.29 
3.30 
3.30 
3.30 
3.32 
9.32 
8.29 - 
5.78 
5.71 
5.65 
5.58 
5.56 
5.84 

5.82 
5.82 
5.82 
5.83 
5.83 
5-86 
5 . 8 8  
5.85 

-04 
.02 

-03 
.O1 
.O1 
.O 1 

e05 
.03 

-05 
a05 
-05 
.04 
-04 
e06 
e06 

5 . 8 4  

- 

8.25 

8.29 
8.33 
8.36 
8.30 
8.27 
8.29 
0.26 
8 . 2 8  
8 . 2 8  
8 .30  
8 . 3 0  
8.28 
0.28 

6.66 
b.64 
b.61 
b.55 
6.56 
6.65 
6.71 
6.60 
6.66 
6.66 
6-66 
6.66 
be67 
' , e 7 0  
.71 

8.2~ 

- 

- 

:s IN - 
CL 
- 
-0039 
-0062 
a0014 
~ 0 0 8 7  
-0076 
a0109 
-0099 
.0108 
.0118 
-0103 
a0142 
.a157 
-0193 
.0217 
-0237 

-2086 
-2116 
.2121 
a2137 
.2138 

a2171 
e2164 

~ 2 1 8 6  
-2189 
-2206 
a2105 
.2202 
-2183 
-2195 
.2201 

-4764 
-4777 
-4810 
,4826 
a 4 8 0 0  
.4937 
.4954 
-4948 
a4980 
.4993 
04964 
.4955 
.4919 
. a 8 5  
-4860 

-0097 
.0102 

sOO6C 
.007c 
-0054 
e0065 
.0041 
.OO62 
.002C 
.0015 
.0022 
.000? 
.0001 
.0024 

- 

.oo7a 

-2134 
12135 
a2 1 6 2  
a2161 
-2163 

a2231 
-2135 

.2211 

.2184 

.219f 

.218C 

.217? 

.218f 

.2201 

.2201 

Cm - 
a0139 
-0131 
e0137 
-0139 
, 0 1 3 8  
e0146 
-0153 
-0162 
.0180 

a0216 
~ 0 2 3 9  
-0264 
a0292 
-0305 

e0037 
-a0026 
-80083 
-e0129 
-a0161 
-.O21B 
-so239 
-so265 
-.0270 

-so301 
- a 0 3 0 8  
-so309 
" 0 3 0 3  

.01a7 

__ 

-.028a 

-.om8 - 
-.0862 
- . 0 8 7 4  
- .oe87 
-.08a5 
- a 0 8 7 6  
-10906 
-.0904 
"0903 
-so908 
-a0902 
"0865 
-.OB11 
- e 0 7 4 1  
-a0558 
"0426 

a 0 0 8 5  
a0076 
a0069 
.0071 
. 0 0 7 0  

.0081 

. 0 0 8 8  

.0111 
a0096 

a0132 
a0152 
-0171 
.0200 
-0175 

-.00*2 
-a0094 
-no142 
-a0157 
-.ole2 
- .O208 
-e0230 

"0244 
-a0241 
-.02'r4 
- a 0 2 5 8  
-so260 
-so257 
"0253 

-.OS23 
- .O021 

-.0801 
-.OB09 
-so830 
-a0847 
-.0856 

- 

.oe72 

- 

- .oa43 

- 

-.ow3 

-.om* 
-.om0 

"0872 
-.OB10 
-a0758 
"0587 
- a 0 4 4 5  

- 

1.02 -.0010 
2.00 -so017 
2.98 "0024 
4.0; -so030 

6.03 " 0 0 4 3  
5.00  -.0036 

8.03 -e0055 

2.10  -.0081 
0.03 -.006a 

-4.01 .001( 

-1.02 -.000I 
-1.971 .0001 

-.a1 -.0001 
1.00 -.001c 
2.00 -.001I 
3.00 -.001! 
3.98 -.on21 
5.01 -.002€ 
6.05 -.003? 

20.02 -.012; 
16.11 -.007' 
12.09 -.004I 
10.05 -.003; 
8.05 -00031 
6.04 -.003( 
5.02 -.002( 
4.02 -.0011 

2.01 -.000' 
3.01 -.001; 

1.02 -.000- 
a01 -.000! 

-1.00 -.000; 
-1.94 e000: 
-4.01 .000( 

INVESTIGATED - I - 
.e0144 a0582 

.a0031 a0144 
.0001 -.0000 
-0035 -e0145 
-0074 - . 0 3 0 4  

..eon . o m  

,0747 -.Ob07 
-0181 -e0767 
-0715 "0946 

.0354  -.168a 

.0423 -e2097 
-0577 -.292O 
.0a20 -.3928 

1 
-0119 - s o 7 0 4  
-0161 -so920 
.0201 -.1140 
.0243 "1361 
.0329 -.la20 
-0396 -a2251 
.OW6 -e2649 
.0532 - e 3 4 9 3  
.0662 -.4415 

-e0117 -0561 
-e0059 a0247 
-.0027 .0120 
e0003 - a 0 0 1 8  
-0034 "0154 
-0065 "0312 
e0094 -10490 
.0120 "0586 
.0148 -a0741 

.0227  "1234 

-0340  -e1964 
.0278 -.I594 

.0777 -03798 

-0679 "3918 
-0499 -.298C 

.0173  -.090a 

.0528 -.2ao3 

.0357 -.216C 
-0298 -a1787 
- 0 2 4 3  "1432 
-0191 -.lo85 
e0153 -e0918 
.oil8 -.07&3 
.0088 -a0581 
.a060 -a0412 
.0037 -e0254 
.on11 - . O W L  

-e0050 I 
-.0108 

-e0150 a070L 
-a0071 e 0 3 0 4  
-moo32 SO111 
a0009 -.0105 
-0047 -a0311 
-0089  -e0521 
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CABLE 11.- m o m  

canPigurat1on 

U1F 

MIC CEA - 
M 

2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 

- 

2.294 

2.294 
2.294 

2.294 
2.294 

2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 

2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.284 

2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 

2.975 
2.975 

2.975 
2.975 
2.975 
2.975 

2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 

2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 

2.975 
2.975 

2.975 
2.975 
2.975 
2.975 
2.975 

- 

- 

E?? 
-3 

- 
.O1 
. O 1  
. O 1  
.O1  
.O1  
. O l  
. O 1  
. O 1  
-03  
. O 1  
. O 1  

-.01 
-.01 
-.OZ 

.02 

8.57 
8.54 
8.56 
8 . 5 4  
8.52 
8.52 
8.61 

8.59 
8.59 

8.59 
8.62 
8.62 
8.62 
8.61 
8.59 

.7+56 
7.51 
7.47 
7.44 
7.61 
7.61 
7.62 
7.61 
.7.61 
.7.62 

.7.62 
7.63 

.7.64 
7.68 
7.67 
“07  

.04 

.02 

-.O2 
.OO 

-.O2 
-a04 

.OZ 

.02 

.04 

.04 

. O Z  

. O Z  

. O Z  

.OO 

.02 

8.46 
8.39 
8.35 
8.46 
8.47 
8.46 

8.43 
8 .43  
8 . 4 5  
8.45 
8.44 
8.44 
8.44 
8.43 

8.46 

!7.22 
.7.17 
.7.21 
.7.20 
.7.18 
17.15 
17.25 
17.24 
17.24 
17.24 
.7.23 
.7.24 
.7.24 
7.28 

.7.28 
- 

‘s SIDESLIP OF CONFIGLCWTIONS INVFSTIGAm - 
CL cy c, =1 Lg c$I 

-0041 
-0058 

mol75  -0099 .OOOO -4.04 .0014 

“0319  -a0171  -a0011 6.14 -0024  -0069 
-e0237  -e0138 -.0010 5.02 -0025 -0079 
-a0185  “0113  -.0010 4.06 a 0 0 2 4  -0072 
“0136 -.0089  -.0011  3.06 -0023  -0049 
“0093  -so061 -.0012 2.07 .0020 .0071 
“0045 -so037 -.0010 1.06 a 0 0 2 2  ,0063 
-.0002 -.0010 - a 0 0 1 0  ~ 0 1  a00.22  -0070 
.0040 .0023 -a0006 -1.05 -0029  -0048 
e 0 0 8 1  a0049 .0000 -2.02 a0017 

,0064 a0010  10.2b  -a0012  -so263  “0764 
60071 a0004 12.41 - a 0 0 1 2  -e0320  -a1099 
-0132 

“2558  “0496 -.0002 20.53  -0018 .0120 
-e1803 -a0429 -a0011 16.55  -0026 

.0078 -.0*8a - . o n 3  -.0013  8.15 .0018 

NACA RM L58EO6 

.6435/-.0406 I ;.03 I .ooo7 I .ooo8 I-.ooia 

.6563 -e0410 1.09 -a0006 -a0017 “0176 
-6579 -.0393 a 1 0  -.0017 -.0040 -a0298 

-0046 l1.0010 
a0007  .0007 
-0004 -.0006 
a0014 -.0004 
-0007 -a0005 
.0018  -.0003 
a 0 0 0 8  -.0006 
a0016 - a 0 0 0 3  
.0008 -.0002 
-0017  -so003 
e0006 -a0004 
-0017 -.0010 
-0005 - s o 0 1 3  
.0006 - e 0 0 0 3  
.0003 I e 0 0 0 2  
I 

.2593  .0073 12.32  -.0029 -60299 -.134? 

.2633 I . 0 0 4 3  /10.26 1-.0027 1-.0270 /-.lo55 

.2652 -.0010 8.18 -.0021 -a0236 -.077C 
-2660  -a0077 6.14 -a0018  -a0198  -a0535 

I I  I I s00 -a0004 - a 0 0 0 8  -.0051 
-1.01 -.0002 .0028 .0015 
-2.04 ~ 0 0 0 2  a0060 -0087 
-4.08 a0007 a 0 1 2 2  -0225 

a 5 3 8 0  - e 0 3 2 1  
a5434 - e 0 3 2 5  
e 5 4 1 5  -.0308 
-5447 -a0293 
a5447 -so264 
-5433 -a0227 
a 5 5 0 2  - a 0 1 0 0  

-01 

- a 0 5 2 2  -.0097  -.0039 4.10 
-a0401 -00071  -e0026 3.09 
-.026E - .0050 -.0013 2.05 
-.0154 -.0024 .0000 1.06 
-.003C -0007 a0009 

6.20 - a 0 0 6 3  -.0150 -.079f 
5.15 - s o 0 5 2  “0123 -.065f 
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I 

3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3s.963 
3.963 
3.963 
3.963 
3.963 

4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 

4.653 
4.653 

4.653 
4.653 
4.653 
4.653 

4.b53 
4.b53 

4.653 

4.653 
4.653 

4.653 
4.653 
4.653 
4.653 

4.653 

4.653 
4.653 

4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 

4.653 
4.653 

__ 

- 

- 
de8 

.OO 
-03 
- 0 5  

-.01 
- 0 5  

-.01 
-.01 
"03 
-.03 
" 0 5  
-a05  
-.01 
-.01 

-.01 
.01 

a, 

- 

8.29 

8.2b 
8.26 

8.25 
8 . 2 5  
8.22 
8 . 2 4  

8.25 
8.22 

8.23 

8.25 
8.25 
0.27 
8.2b 

.6.88 
6.82 

.6.86 
6.86 

.6.89 
6.91 

!6.89 
16.89 
i6.90 
16.90 
16.87 
16.90 
16.89 
lb.92 
lb.97 

" 0 4  
-03 

-.01 
"03 

"03 
.O 1 

" 0 3  
-a03 
-.04 
" 0 5  
-.04 
-.O2 
-.01 
-.01 

.O2 

8.23 
8.23 
8.24 
8.26 
8.25 
8.25 
8.23 
8.23 
8.23 
8.21 
8.23 
8.23 
8-23 
8.24 
8.25 

6.80 

6.81 
6.71 

6.77 
6.78 
6 - 7 0  
6.78 
6.77 
6.77 
6.77 
6.80 
6.82 
6.83 

6.82 
6.84 

e . 2 3  

__ 

__ 

- 

__ 

-.0215 .0037 -4.05 -.0003 a0091 e0248 
-.0223 .0038 -2.01 -.0003 -0040  -0139  
" 0 2 1 7  .0038 -1.01 -a0003 e0016 -0098 
-so233 ,0040 .O2 -e0003 -a0011  -0048 
-.O248 -0042  1.04 -.0002 -moo41 -0005  

" 0 2 5 7  e0044 3.03 -.0003 " 0 0 9 3  -e0086 
-.0273 ,0046 4.02 -.0002 -a0119 -e0153 
-.O263 60045 5.06 -.0002 -.0140 -60226 
" 0 2 7 7  ,0047 6.11 -a0003 " 0 1 5 9  -a0318 
" 0 2 7 8  .0048 8.11 -a0003 -.0190 -a0524 
" 0 2 7 6  - 0 0 4 9  10.15 -a0003 - so218  -a0760 
-.0273 ,0049 12.20 -.0003 -so256 -a0998 
-.O290 - 0 0 5 3  16.24 -.0003 -a0321 -a1506 
-.0302 .0055 20.24 -.0003 " 0 3 6 4  -.2087 

a1766 ,0282 20.27 -a0071  -e0399 -e2268 
.1767 .0238 16.30 " 0 0 5 4  "0334 - . I684 
. I752 -0197  12.22 " 0 0 3 5  -so270  -a1151 
. I755 ,0173 10.17 -60030 -a0235 -a0918 

. I703  .0137 6.13 -.0018 " 0 1 6 6  -so446 

.1727 .0151 8.11 " 0 0 2 3  -a0199 -e0665 

. l b90  a0130 5.07 -.0015 -.0143 - a 0 3 4 0  

. I678 - 0 1 1 9  4.04 -.0012 " 0 1 2 5  -a0250 

. l 6 8 4  a0089 3.04 -e0009 -so098  " 0 1 6 7  

-.0265  .0045  2.00 -.ooo3 -.0069  -.002e 

-3980  

" 0 3 9 7  -.0091 -e0030 4.04 10014 a4165 
-e0279   -00070  -.0020 3.04 -.0018 .4209 
-a0158 -so053 -.0013 2.04 " 0 0 2 9  .& I94  
-.0038 " 0 0 2 9  -.0004 1.01 " 0 0 4 7  -1200  

-0074  .0001 ,0004 ~ 0 2  -so047 a4164 
-0194  .0021  -0012 -1.03 -.0038 -4150  
e0312 -0038 .0019  -2.03 - .0012  -4078 
a0543 ~0080 ~ 0 0 3 6  -4 .12 -0045  

-4213   -0068  6.12  -.0052 -.0131  -.Ob53 
-4180   -0037  5.0b -.0040 -00516  -.0111 

e4193 .0131 8.14 - .0071   "0169   - so890  
-4235  .0166 10.19 -.0094 " 0 2 1 6  - . I147 
-4222  

"2508  -so451  -e0186  20 .28  ,0384 -4259  
- . I941  "0362  -60152  16.34 .0305  .4232 
-.1403 " 0 2 6 6   " 0 1 1 5   1 2 . 2 4  .O209 

-a0314 -0042 -4.07 -.0005 a0086 ,0300 
" 0 2 9 9  - 0 0 4 1  -2.01  -so006 -0038 -0190  
" 0 3 2 0  a0034 -1.01 -.0004 e0011 -0138 
" 0 3 1 4  

-a0524 -.0189 -60004 8.11 .0034 -.0296 
-so314 -e0160 -e0003 6.08 e0036  -a0318 
-.0224 -e0140 -.0003 5.04 .0033 -.0300 
-mol44 -.0118 -.0003 4.03 a0034 -.0309 
- a 0 0 7 4   " 0 0 9 6  -.0003 3.02 e0035  "0317 
-a0014 "0073 -.0003 2.01 ,0032  -.0298 

a0037 -so046 -e0003 1.00 a0020 -so306 
a0088 - 0 0 0 1 7  -moo04 .00 a0028 

" 0 2 7 8  a0033 12.16  -e0005 " 0 2 6 2   " 0 9 6 5  
-a0282  ,0044 16.22 -e0003 -a0311  -01472 
-.0257  .0047  20.17 -.0005 "0333 -.2028 

-.0273 -.07a3 -.0225  -.ooo5  10.12 .0032 

,0268 
.0242 
.0201 
~ 0 1 8 4  
a0176 

60146 
a 0 1 6 5  

.0124 
~ 0 1 1 6  
.0108 
a0099 

a0087 
-0087  

-0093  
,0123 

-3985  "0043 
a4000 -a0049  
,4039 -e0054  
- 4 0 5 5  " 0 0 5 5  

. 4 l l 2  1-,0010 

I 1 1 

I I I I 1 
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U~N111" 2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 

2.294 
2.294 

2.294 

2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 

2.294 
2.294 

2.294 
2.294 

2.294 
2.294 

2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.2?4 

2.975 
2.975 

2.975 
2.975 

2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 

2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 

2.975 
2.975 

2.975 
2.975 

2.975 
2.975 

2,975 
2.975 

2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 

2.975 
2.975 

2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 

- 

- 

- 

a, 
deg - 
-04 
.08 
-06  
-04 

.02 

.02 

.OO 

.OO 

.OO 

.OO 

.OO 
-.O2 
-.39 
-.C2 
-.02 

8.49 
8.46 
8.43 
8.57 
8.49 
8.57 
8.59 
8.57 
8.55 
8.54 
8.55 
8.52 
8.54 
8.52 
8.55 

7.00 
6.97 
7.01 
7.04 
7.04 
7.06 
7.05 
7.04 
7.04 

6 -96  
7.04 

7.01 
6.96 

7-04 
7.01 

~ 0 5  
-04 
-04 

-04 
-04 

-04 
-04 
-04 
.02 
-03 
.04 
.05 
- 0 3  
- 0 3  
a01 
.02 
-03 

8.37 
8.39 
8.37 
8.37 

8.37 
8.37 

8.36 
8.36 

8 .36  
8.36 

8.38 
8.38 
8.38 
8.37 
8.36 

6.76 
6.76 
6.77 
6.75 
6.75 
6.75 
6.75 
6.73 
6.74 
6.74 
6.74 
6.76 
6.75 
6.78 
6.78 
6.76 
6.76 

- 

- 

- 

- 

- 

- 

CL 

-3769 

.3501 
~ 3 6 4 4  

e3471 
.3387 
e3364 
a3330 
a3252 
~ 3 2 3 4  
-3280 
a3263 
,3259 
63241 
.3222 
"5212 

06717 
-6771 
a6839 
,6935 
-6957 

ab992 
a6913 

,6938 
-7061 
-7102 
a7115 
a7241 
a7265 
.7354 
-7612 

..0132 

..0120 

.mol27 
,.0116 
.0119 
a0124 
-0127 
-0113 
.a0129 
,.0121 
.0101 
.OO86 
.0050 
.0001 
.0113 
-0237 
,.0030 

-2678 
a2709 
a2705 
~ 2 6 8 5  

.2693 
-2b98 

-2745 
a2759 
-2777 
a2793 
.2828 
-2850 
e2868 
a2945 
-3091 

- 

-6355 
,6174 
a5960 
.5854 
.5794 
.5754 
-5695 
-5711 
a5674 
-5651 
65576 
a5608 
,5587 
-5529 
-5495 

.5888 
a5719 

e0517 

a0522 
a0518 

-0554 
~ 0 5 5 5  
-0545 
-0543 
-0539 
a0508 
a0491 
,0441 
,0358 
-0299 
.0001 
-0290 

,1222 
61594 

.088*  
a0747 
.0601 
a0502 
-0443 
,0403 
a0383 
-0371 
-0354 
a0354 
a0358 
do354 
-0389 

-1728 
.17b8 

-1819 
-1772 

a1823 
~ 1 8 3 4  

,1836 
-1855 
-1930 
.ZOO9 
a2115 
.2242 

a2663 
-2401  

a3058 

-0298 
,0295 
a0293 
-0291 
,0290 
.0294 
,0292 
, 0 2 8 2  
a 0 2 8 4  
. 0 2 8 2  
-0266 
,0228 
.0151 
a0057 
a0167 
,0417 
-0143 

-0366 
-0372 
-0365 
80356 
,0360 
-0359 
-0377 
-0381 
~ 0 3 9 5  
~ 0 4 1 9  
,0459 
a 0 4 8 8  
-0551 
,0712 
,0944 

,2215 
. I867 
,1517 
,1376 
.1295 
-1258 
,1233 
,1233 
-1226 
,1200 
,1158 
t1.182 
,1165 
,1138 
,1122 
~ 1 2 4 7  
,1531 

- 

- 

- 

- 

2 0 . 2 8  - .0428 
16.30 -.033C 

10.17 -e0185 
12.19 -.0232 

8.10  -a0146 
6.08 -e0108 
5.06 I -a0087 

3.04 -so049 
2.03 -.0038 
1.03 I -.0020 

.ol -.0002 

-2.01 .0034 
-.97 I .0015 

-4.04 a0072 I 

-3.98 a0041 
-2.00 .0018 

-.99 ~ 0 0 0 7  
-00 -.0005 

1.02 -.0017 
2.02 -e0027 
3.04 -.0040 
4.03 "0053 
4.20 "0054 
5.03 -so062 

10.14 -.0125 
8.08 -.0101 

12.19 -.0146 
16.24 "0196 
20.21 -.0252 
10.15 "0127 

6.07 - .om7 

10.28 -a0462 
16.32 -.a359 
12.26 -a0236 
10.21 -.0186 
8.17 -.0138 
6.14 -.0101 
5.08 -.0082 
4.08 -.OO64 
3.06 -.0054 
2.03 "0033 
1.05 -.0011 

-1.02 -0034 
.02 .0012 

-2.01 ,0050 
-4.08 .0085 

i t a 2 7  - a 0 2 4 1  
b.14 -.0103 

- cyr/d 

-e0314 .O86? 
-101b3 a 0 4 5 2  
-a0084 -0245 
-.0001 .0021 

m0081 -so184 

a0231  -e0566 
,0314 "0793 
-0395 -a1057 
e0476 -.1288 
-0625 "1776 
~ 0 7 7 3  "2341 

.a154  -.a375 

-1071 - a 4 2 8 0  

a0642 - . 242b  
.OB02 -a3038 

-0504 -.la54 
.0375 -.I351 
-0307 -e1103 
.0239 -so847 

-0126 -a0940 
-0181 -e0627 

-0069 -.0242 
-0004 -.0016 

;0052  I-.015* 
.0100 "0313 
.OX56 -a0502 
.0210 -.ab87 

1 
~~ 

.0963 "4994 
a0777 -e3962 
a0564 -a2921 
.0460 -.2388 
a0342 -.1869 
~ 0 2 3 5  -e1368 
.0182 -.lo98 



NACA 

I 

TABLE 11.- AERODYNAMIC C t  

Configuration M 

WzF"iH1v 3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 

3.963 
3.963 

3.963 
3.963 
3.963 
3.963 
3.963 - 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 

3.963 
3.963 

~ 

3.963 
3.963 
3.963 
3.963 

3.963 
3.963 

3.963 
3.963 
3.963 
3.963 
3.963 
3.963 

4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
(4.653  4.653 

\ c m 1  
a, 
~- 

dee - 
.01 
.01 

.OL 

.o, 

. O t  

. O t  

.OL 

. O t  

.01 

.O' 

.0c 

.Oi 

-.01 
.OC 
.O1 

8.24 
8.11 
8.16 
8.15 
8.15 
8.15 
8.15 
8.15 
8.18 
8.18 
8.18 
8.18 
8.21 
8.25 
8.26 

- 

- 
.6.5C 
6.41 
6.53 
.6.52 
6.50 
6.56 

6.55 
6.54 

6.55 
6.53 
6.51 
6.54 
6.54 
6.60 
6.58 

.O1 

.O1 

.O1 
-03 
- 0 3  
-03 

-.01 
-06 

-.01 
-.01 
"03 

-.02 
-.O2 

.01 
-.02 

8.15 
8.17 
8.20 
8.18 
8.18 
8.18 
8.21 
8.23 
8.21 
8.21 
8.19 
8.20 
8.19 
8.20 
8.16 

6.33 
6.37 
6.36 
6.45 
6.40 
6.39 
6.40 
6.41 
6-41 
6.39 
6.41 
6.45 
6.46 
6.44 
6.40 

- 

- 

- 

- 

CS IN SIDESLIP C q-c 
" 

'e0124 
..0100 
..0088 
,so099 
..0088 
..0100 
..0109 

,so043 
.0030 
.0082 
.OZll 
-0302 

,0338 
-0325 
-0307 
e0231 
.012O 
.0016 
.a0247 
.a0449 

:ONFIGURATIONS INVESTIGATED . C - 

i i i 

20.11 -e0210 ~ 0 7 5 6  -.4108 
16.24 "0139 .0571 -.3164 
12.18 -a0090 -0412 "2274 
10.12 -e0071 -0339 "1859 
8.10 "0055 -0273 -a1455 
6.01 I l l  -so041  -0209 -.1100 

-4.04 -0022 -.0136 .0101 

3.00 "0022 -0085 "0365 
4.03 "0027 .0115 "0520 
5.01 "0033 bo138 "0635 
6.08 "0039 a0166 -.0808 

10.10 -e0066 -0278 "1505 
8.05 -.0053 -0220 -61144 

12.11 -a0081 -0345 -a1871 
16.13 -so121 e0540 "2732 
?Os08 -.0114 ,0795 -a3741 

16.19 -e0122 .0521 -.2915 
12.12 -.0075 .0363 "2069 
10.11 -.0060 e0296 -e1681 
8.08 -.0041 e0231 -a1303 
6.08 -.0036 .0183 -.0986 
5.03 "0029 a0153 -so814 

2.01 -e0011 -0056 -a0305 
1.02 -so006 -0029 -a0113 
.00I-.0002/ .0000( e0032 

" 

-4.041 ~00341-.0176~ 

a0916 
-2.01 a0020 "0099 e0523 
-1.02 .0012 -.006l -0321 
.001 .ooo61-.ooz5l .olio 

' 

tinued 
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M 
2.294 
2.294 
2-29> 
2-29. 
2.291 
2.298 
2.291 
2.291 
2.291 
2.291 
2-29, 

2.294 
2-29, 

2-29, 
2.29d 

2.291 
2.291 
2.291 
2.291 
2.291 
2.291 
2.29' 
2.291 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 

2.294 

2.294 
2.294 

2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 

2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 

- 

- 

- 

~ 

2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
1.975 
2.975 
1.975 
z.975 
z.975 

1.975 
1.975 
1.975 
z.975 
z.975 
1.975 
!.975 
1.975 
1.975 
z.975 
z.975 
!.975 
!.975 
!.975 
1.975 

" 

4 
4 
4 
4 
4 
4 
4 
4 

" 

, #  

, ,  
1 8  

" 

, 11 
b li 
, li 
b 1, 
I li 

II 
11 
1 1  
1 1  
1, 
1 1  
11 
11 
11 
1 1  
" 

" 

L 
L 
L 
t 
t 
t 
L 
t 
t 
t 
f 
E 
t 
t 
f 

It 
le 
16 
le 
1 c  

16 
1c 

16 
16 

1b 
16 

16 
16 
16 
16 

- 

- 

.CTERI 

aeg 
a, 

a 0 3  
-03 
e05 
e 0 3  
.01 
.02 
.02 
a04 
-04 
-06 
-06 

.02 
e04 

-04 
a07 

8.56 
8.54 

8.55 
8.57 

8.54 
8.52 
8.51 
8.51 
8.53 
8.53 
8.54 
8.54 
8.54 
8.54 
8.52 

6.91 
6.89 
6.88 
6.84 
6.81 
5.80 
5.78 
5.78 
5.78 
5.79 
5.80 
5.83 
5.84 
5.84 
5.88 

-04 
-07 
-07 
e09 
-09 
a09 
-09 
.11 
.ll 
.ll 
.ll 
.ll 

.11 

.ll 

.12 

1.43 
1.41 
1.40 
1.40 
1.39 
1.37 
1.37 
1.36 
1.36 
1.36 
1.36 
1.37 
1.37 
1.38 
1.38 

t.68 
8-68 
1.70 
8-69 
8-65 
8-67 
8.66 
1-64 
1.65 
1.63 
8.66 
8.72 
1.73 
1.75 
,.74 

- 
- 

- 

- 

- 

- 

- 

- 

:cs m 
CL 
- 

- 
.0007 
a0019 
.0018 
6003C 
-0029 
-0043 
.004C 

.0024 

.0042 

.0040 
e0016 
e 0 0 2 4  

a0026 
.0021 

-0086 

a3412 
e3440 
.3483 
e3512 
.3559 
.3578 
.3587 
.3595 
e3625 
-3624 
-3622 
-3607 
e3603 
13586 
.3538 

- 

-6803 

-6982 
66933 

a6993 
-7030 

a7047 
-7038 

.7057 
~ 7 0 3 7  
a6982 
e 7 0 3 8  
,6986 
a6974 
-6975 
. l o37  

-0134 
e0126 
-0139 
-0150 
a0145 
~ 0 1 3 8  
-0135 
-0146 
.0161 
a0124 
.O122 
-0141 
a0123 
.0112 
e0104 

- 

,2984 
-3008 
e2998 
-2997 
a3022 
-3023 
-3021 
a 3 0 2 4  
-3042 

-3029 
-3063 

-3035 
63021 
-3021  
-2977 

-5909 

.5997 
-5963 

-6016 
a6037 

e6078 
-6053 

-6097 
-6102 

a6103 
-6110 

a6110 
~ 6 1 2 7  
06166 
ab236 

[DESLIP 
cm 
- 
-0204  
.0182 
a0175 

-0172 
,0169 

-0173 
- 0 1 8 4  
-0190 
.0208 
e 0 2 1 7  
-0251 

-0268 
-0275 

.O282 
a0360 

-a0497 
"0560 
-so653 
-so719 
-.080b 
-e0892 
"0928 
-e0954 
-a0985 
-.lo01 
-a1015 
-e1017 
-.I007 
-.0989 
"0931 

- 

-e1847 
-e1924 
-e1948 
-11945 
-61961 
-e1953 
-.I954 
-.1943 
-a1913 
-.la81 
-.la13 
-.1695 
-a1596 
"1488 
-.1400 

-0132 
,0121 
-0117 
-0113 

.0121 
,0117 

a0127 
.O122 

-0134 
-0149 
a0169 
a0174 
~ 0 1 7 7  
a0198 
a 0 2 4 2  

- 

-.037a 
- . 0 4 3 3  
-.0494 
-e0526 
"0599 
"0649 
-.Ob72 
"0694 
-e0728 
-a0749 
-60752 
-a0756 
-80745 
-a0737 
-e0679 

-e1590 
-a1654 
-a1654 
-a1655 
-a1654 
-a1670 
-a1675 
-el670 
"1645 
- a 1 6 2 6  
-a1564 
-01500 
-a1445 
-.1355 
-.12b5 

1.06 -.0012 
2.05 -.0022 
3.06 "0034 
4.07 -a0048 
5.05 -so058 
6.10 -so071 
8.09 -.0098 

-1.92 a0010 

. O I  -.0007 
-.SI .oooz 

2.Ob -a0023 
3.07 -a0034 
6.09 I -.oo&? 

6.13 -.OO62 
8.13 -6008C 
10.17 -.0097 
12.24 -.011C 
16.31 -so137 
20.26 -.0172 

12.26 -a0114 
10.22 -e0099 
8.16 -e0072 

5.11 -.OO4C 
4.10 -00032 
3.10 -.OOZC . ~~ 

2.08I-.002C 
1.09 -.0011 
107 -.0005 

,0012 

L -4.01 a0072 
-1.96 ,0042 
-.97 .OOZC 
e07 .001C 

2.11 -.ooze 
1.08 -.0001 

3.12 -a0044 
4.13 -.005E 

6.17 -.009? 
5.13 -e0075 

8.20  -.013C 

12.31 -.020: 
10.27  -.01b4 

16.39  -.029? 
20.35 -.038i 

-0348 "0923 
- 0 4 2 3  -a1147 
-0562 -a1640 
-0703 -a2166 
-0830 -a2776 
.lo33 -a3905 
a1244 "5115 

-1198 -a5278 
-0964 "4076 
a0735 -e2909 
.0594 -a2316 
,0464 "1757 
-0346 -a1265 
.0286 -e1020 

a0174 -a0590 
~ 0 2 2 6  -a0785 

.0118 -.0403 

.OO6O -.0201 

.0002 .0001 
a0062 -0230 

-0246 80871 
.0120 e0443 

-0178 a1069 
-0086 a0579 
a0045 -0351 
.0010 ,0113 

.0066 -a0365 

.0030 -e0125 

-0106 "0592 
~ 0 1 5 0  -e0830 
.0197 -e1085 
-0241 -a1331 
-0351 "1097 
.O46b -a2481 
-0591 -a3048 
-0890 -a4285 
-1112 -a5473 

.O202 a0674 
a0099 e0323 
e0048 ,0150 
-0003 -.0017 

.0738 "3667 
a0549 -a2653 
- 0 Y b h  -e2207 

e0263 - e l 2 3 0  
a0210 -so989 
~ 0 1 6 5  -a0803 

-0046 - s o 2 4 2  
.0004 -a0058 
.0040 ,0134 

Ontinued 
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LE 11.- AERODmAMlC C W C l T  

configurtltioo 
3.963 
3.963 
3.763 
1.063 
3.963 

3.963 
3.963 

3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 

3.963 
3.963 
3.963 

L 
3.963 
3.963 
3.963 

3.963 
3.963 

3.963 
3.963 
3.963 
3.963 
3.963 
3.963 

3.963 
3.963 

3.963 
3.963 
I 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 

4.653 
4.653 

4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 

4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 

4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
k a  653 
4.653 
4.653 
4.653 
4.653 

rIcs I 
a, 

h 3  
-.04 
-.04 
- a 0 4  
-.04 
-e03 
-.01 
-e01 

-.I0 
.01 

-.02 
-.03 
-.02 
-.02 
-a01 

.01 

- 
” 

C.21 
8.25 
8.23 
8.23 
8.22 
8.23 
8.23 

8.23 
8.21 
8.21 
8.21 
P . 2 1  
8.21 
8.21 

e.23 

.C4 

.05 

.04 

a03 
.02 
.02 
.’iZ 
.02 
a02 
rO2 
a03 
r 0 4  
.C3 
101 
. O I  

a 4 4 8 2  
.4578 
14594 
e4636 
-4673 
,4689 
a4691 

,4767 
.4804 
, 4 8 3 9  
.4875 
~ 4 8 5 0  
, 4 8 5 8  
,4936 

.474e 

61995 
,2019 
-2030  
a2045 
62028 
0.2036 
a2049 
a2065 
-2072 
.2038 
e2091 
-2116 
,2144 
,2176 
e2258 
-2231 

,4547 
,4583 
e4598 
-4642 
e4649 
a4671 
64713 
,4726 
,4725 
.4759 
.LBO9 
.4834 
.4812 
4847 
kP90 

- 

OF  CONFIGURATIONS  INVZSTIWLTED - Continue 

- s o 1  - e 0 0 0 2  -+0011 a0191 

1.98 -.0014 .0066 -a0112 
.98 - .0008 ,0028 a0023 

2.99 - a 0 0 2 1  ~ 0 1 0 2  -so264 
4.00 -e0029 ,3138 -so430 
5.02 -.0035 e0172 -10568 
6.04 - a 0 0 4 1  ~ C 1 9 4  -a0751 

10.08 -.0064 a0327 -a1483 
6.03 -.0053 ,0264 -a1104 

16.16 -a0103 ~ 0 5 5 3  -a2729 
12-09 -.0076 ,0395 -a1881 

20.10 -.0140 ,0771 “3724 

as0315 
-a0331 
“ 0 3 3 3  
-a0339 
-10332 
- a 0 3 2 8  
-a0329 
-a0326 
- a 0 3 2 2  
.a0309 
-e0289 
-10273 
-10?71 
-a0254 
-a0236 
-.022? 

“1065 
-e1070 
-e1077 
- 4 1 0 6 8  
-.I073 
-a1005 
“1095 
..1101 
-.1109 
-.1124 
- a 1 1 3 5  
-.I102 
-e1050 
,0931 
.OR46 

- 

-4.04 ,0014 -a0121 ,0707 
-2.05 ~ 0 0 0 4  -a0061 a0395 
-lOO1 .0001 -60036 a 0 2 4 8  

100 -a0003 -a0005 ,0052 
l1O0 -.0005 10022 -60095 
1199 -.0009 ,0051 ”0271 
2.99 -.0013 a0079 -a0435 
4.02 -a0017 a0109 -00572 
5.02 -a0022 a0137 -.0725 
6.05 -a0027 ,0168 -e0920 

10609 -.0044 ,0279 -a1641 
8.06 -e0035 ,0221 -a1254 

12112 -e0054 ,0342 -e2020 
16.15 - a 0 0 8 8  ,0468 -a2782 
20.11 -.01+8 -0648 “3728 
20.11 -.01k9 ,0653 “3758 

-4.06 .0032 -.0182 ,0884 
-2.01 .0020 -e0104 a0547 
-1.02 00013 -a0061 a0334 
“02 .0006 -.0015 e0091 
1.00 a0001 10021 -a0074 
1.99 -.0008 ,0068 -e0336 
3.00 -so015 60106 -00539 
4.00 -a0022 60148 -a0732 
5.01 -a0029 ,0186 -a0904 
6.06 - a 0 0 3 8  ,0236 -81168 

10.08 -a0070 ,0404 -.2025 
8.03 -.0052’ ,0331 “1594 

12.13 -.0091 ,0465 -12450 
16.18 - e 0 1 4 8  ,0569 -a3273 
20.10 -.0210 -0704 -.4145 

I” 
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2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
I 
2.294 
2.294 
2.294 
2.294 
2.294 

2.294 
2.294 

2.294 
2.294 
2.294 
2.294 

2.294 
2.294 

2.294 t 2.294 

2.294 
2.294 
2.294 
2.294 
2.294 
2 . 2 9 4  
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 

12.294 

2.975 

2.915 
2.975 

2.975 
2.975 
2.915 
2.975 

2.975 
2.975 

2.975 
2.975 
2.915 
2.975 
2.975 
2.915 
2.975 

2.975 

2.975 
2.975 

2.915 
2.975 
2.915 
2.915 
2.975 
2.975 
2.975 
2.975 
2.915 
2.975 
2.975 
L 

[::E .975 

.975 
2.975 

.975 

e 
de( 

a 

-05 
e 0 3  
. O 1  
r o o  

.02 

.02 

.OO 

.oo 

.02 

.02 . 00 

-.01 
601 

. O 1  
-03 

8.52 
8.53 

8.52 
8.52 

8.53 

8.53 
8.54 

8.53 
8.53 
8.50 
8.50 

8.48 
8.48 

8.51 
8.51 

7.12 
7.11 
7.07 
7.05 
7.06 
7.04 
7.05 
1.05 
1.03 
7.02 
7.03 
7.04 
7.03 
7.23 
7.23 

s 06 
.08 
* 08 
-07  
a06 
-06 
-06 
-04 
-04 
- 0 4  
e 0 4  
-06  
.Ob 
-06 

.08 
a06 

-07 

8.40 
8.42 

8.40 
8.41 

8.41 
8.41 
8.39 
8.38 
8 . 3 8  
8 .38  
8 .37  
8 .37  
8.39 
8.39 
8.40 

6.90 
6.17 
6.93 
6.91 
6.90 
6.98 
6.98 
1.00 
7.01 
6.99 
1.00 
6.99 
6.98 
7.00 
1.04 

- 

- 

- 

- 

- 

- 

L 
.2822 -.028. 
-2918 -.037! 
.3018 -a0501 
.3147 -a0621 
-3178 -.0101 

-so129 -015 t  
-a0152 ,0156 
-so158 a0151 
-a0163 ,0164 
-e0167 aOt71 
- . o l e8  .O18C 
-00210 +019E 
-so229 10216 
-e0229 e 0 2 4 4  
-.O264 aO28G 
-a0278 a0301 
- s o 3 4 0  e0375 
"0339 e0377 
- a 0 3 2 2  ,0378 
"0346 ,0416 

a 2 4 3 8  -so176 
-2513 -so257 

-2586 -80412 
-2573 -e0355 

-2635 -a0484 
-2667'  -e0554 
a2699  -.0595 
-2683 -.Ob16 
~ 2 7 1 8  "0652 
-2721 -.Ob77 
-2741  -a0697 

-2732  -a0694 
~ 2 7 3 5  . - .Ob88 
-2725  -10648 

-.0704 

-3198 a0029 
-2.02 .0012 
-1.00 60003 
-a01 - a 0 0 0 4  
1.01 -.0012 
1199 -.0020 
2.99 -so029 
4.01 -e0038 
4.96 -.0047 
6.01 -a0056 

10.04 -a0088 
8.01 -.0074 

12.05 -so103 
16.13 -e0132 

16.11 -so131 
16.11 - s o 1 3 0  

20.06 -so160 

20.11 -e0198 
16.20 "0147 
12.12 -e0103 
10.09 -a0089 
8.00 -e0068 
6.05 -e0048 
5.02 -a0040 
4.02 -a0030 
3.01 -.0022 
2.01 -e0016 
1.02 -.0008 

"98 .0003 
a01  -.0001 

-1.99 .0010 
-4.00 - 0 0 2 4  

1.03 -a0009 
2.03 - so024  
3.03 -.0041 
4.05 -.0056 
5.04 -.bo12 

T "0276 -0811 
"0132 -0422 
-so065 ,0241 

.0011 .002t 

-0150  -.036€ 
-0084 -so181 

a 0 2 2 4  -e0562 
-0297 "076' 

e1225 -05292 
-0955 -a4075 
,0743 -1291i 
-0613 -.235? 
.0489 -.I791 

-0313 -.lo86 
-0372 - a 1 3 2 3  

a0251 -e0871 
a0194 -so612 
e0140 -a0461 
e0081 -.0262 
~ 0 0 2 1  "0053 
.e0038 -0162 
.so094 -0357 

,.0049 ,0169 
a0001 a0005 
-0056 "5171 
.0108 - e 0 3 4 2  
a0161 -.0511 
,0213 -e0700 
.O2b6 -a0871 
-0318 -a1083 
.0420 -e1521 
a0515 -a1973 
a0602 -a2456 
-0797 "3500 

e0734 "3653 

a0459 -a2146 
00550 -e2643 

e0369 -a1104 
-0273 -e1233 
,0226 -a1029 
,0100 -a0809 
e0135 -a0608 
~ 0 0 9 2  -a0425 
e0051 -a0257 
.0009 -so061 
a0033 -0117 

~ 0 0 3 6  -e0286 
-0069 -00490 
.0109 -80700 
e0148 "0936 
.0197 - e 1 1 1 1  

a0340 -.1919 
-0242  -.1+19 

a0444 -a2413 
60546 -e2900 
e0724 -e3922 
,0884 - e 4 9 8 3  



TABLE 11. - moDYNAMIc 
I 

! 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 

4.653 
4.653 
4.653 
4.653 

- 
.o, 
de 

.04 

.Of 

.01 

.01 

.01 . 0' 
-01 
.04 
.01 

.0; 

.0; 

.Oi 

.04 

. O i  

8-32 
8.3( 
8.3( 
8.25 
8.2' 
8.2i 
8.20 
8.24 
8.25 
8.24 
8.24 
8.26 
8.26 
8.28 
8.28 

16.69 
16.68 
16.66 
16.64 
16.64 
16.64 
16.65 
16.70 
16.71 
16.69 
16.67 
16.66 
16.77 
16.80 
16.83 

.04 

.04 

.04 
a06 

.04 

.02 . 00 
e 0 0  

.OO 

. 0 0  

.02 . 0 0  

.02 
-06 
.06 

__ 

~ 

- 

8.26 
8.27 
8.29 
8.28 
8.30 

8.26 
8.28 

8.22 
8.22 

8.22 
8.22 

8.24 
8.24 
8.26 
8.28 

T I C S  IN S I D E S L I I  7 

a4636  a1065 
- 4 6 4 6  \I.1067 

-so042 a0092 
-.0018 .0080 
-a0037 60013 
-10054 I .0010 

-1988 -e0233 
e1992 -a0259 
.1996 -a0288 
.2010 -a0310 
-1999 -so309 
.2009 -.0310 
e1996 "0313 

~ 2 0 0 4  -10310 
-1983 -a0301 

.2019 -a0311 
-2008 -80311 
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12.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2-  294 
2.294 
2.294 
2.294 
2.294 

2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 

2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
I 
2.975 
2.975 
2.915 
2.975 
2.975 

2.975 
2.975 

2.975 
2.975 

2.975 
2.975 

2.915 
2.975 
2.975 
2.975 
2 e 915 
2.975 
2.975 
2.975 
I 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 

2.975 
2.975 

2.975 
2.975 
2.975 
2.975 
2.975 
2.975 

2.915 
2.975 
2.975 
2.975 
2.975 

..olol 

~ 0 0 1 9  
,001e 
,0019 
a0019 
,0021 
a0017 
e0017 
*0014 

...OOOh 
00003  

.2995 -.01iS 

, 3060  -10239 
a 3 0 2 5  -a0178 

a3096 -a0336 

e3127 -a0399 
~ 3 1 0 1  -00399 
-3136 -a0412 

12676 -60273 
. 26501 .0261  
~ 2 6 7 8  ,0263 

1 1 1 



NACA 

TABLE 11.- AERODYNAMIC I 

configuration 

3.963 
3.963 
3.963 
3.963 
3a.963 

3.963 
3.963 

3.963 
3.963 
3.963 
3.963 

3.963 
3.963 

3.963 
3.963 

I 
3.963 
3 . 9 6 3  
3.963 
3 . 9 6 3  
3.963 
3 . 9 6 3  
3.963 
3.963 
3.963 
3.963 
3.963 
3 .963  

L 3 . 9 6 3  
3.963 
3.963 

3.963 
3.963 
3.963 

3.963 
3.963 

3.963 
3.963 
3.963 

! 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 

4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4 .653  
4.653 

4.653 

4.653 
4.653 

4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 
4.653 

e1799 
~ 1 8 0 2  

,1779 
~ 1 7 8 7  

a1751 
e1726 
.I739 
e1746 
.175R 
61741 
-1758 
.I747 
.I737 
,1725 
.1697. 

37 



2.294 
2.294 
2.294 
2.294 
2.294 

2.294 
2.294 

2.294 
2.294 

2.294 

I p 2.975 

I 2.975 
2.975 

12.975 

-0923 
eO8b8 
,0833 
e0783 
,0732 
,0719 
-0683  
~ 0 5 5 6  
,0619 
-0627 
,0608 
,0612 
~ 0 6 1 9  

,1964 
,1974 
.I994 
,1992 
a 2 0 3 7  
,2039 
-2072 
.2120 
~ 2 1 2 3  
, 2202  
. 2 2 4 P  
12299 
,2433 

- 

- 

.02c2 
~ 0 1 5 7  
."27 

a0060 
,3087 

,0058 
,9052 
,0940 
,0144 
,0045 
,0042 
,0044 
.0@46 

,0028 
" 3 0 3 4  
a0051 
,0045 
,0043 
,0032 
60011 
l o o 1 8  

,0047 
,0038 

?0036  
,0035 
-0032 
,0125 

- 

a0230 
,0235 
, 2 2 3 3  
-0229 
.0230 
,0234 
,0236 
-0.249 
,0258 
,0278 
,0293 
.')Z"'I 
e0293 

INFIGURATIONS 

2 - 0 9  -a0156 
0.03 - . O l 3 t  
7.98 -.010t 
6.00 - s o 0 8 5  
4196 -.007i 
3.95 -.005< 
1.09 -.004C 
i i 9 8  -;003i 
1.01 -.0011 
-.02 -.0092 
1.00 .001? 

1.04 I-.OO1C 
1.04 - a 0 0 0 9  
2.02 -.c019 
3.03 -e0031 
4 . 0 4  -60045 
5105 -a0057 
6610 -a0070 
8.09 -.0091 

1.02 -moo74 
,a93 -00059 
i.00 -.0050 
1100 -e0241 
1.30 -.0032 
198 -.0021 

.,02 -.0012 
'.31 -.3002 

'191 a0018 
000 a 0 0 0 8  

E- 
15 
5 
8 
7 
2 
0 
7 
9 
1 
3 
3 
5 

7 
7 
4 
7 
9 
7 
3 
2 
9 
5 
5 
7 
5 

6 
2 
2 
7 
7 

4 
2 
1 
2 
4 

- 

- 

7 

1 
7 
j 

- 

1 
1 

) 

1 
- 

, 
1 

t ,0049 ,041 
.oo1n ,022 
.0007 ~ 0 0 2  

-I 

~ C 3 8 2  -e1594 
, 0256  -.llbC 
, 0 2 4 0  -.094? 
,0187 "0733 
, 0 1 4 2  -so565 
,0094 -a0367 
0050 -a0707 

I 
0056 ,0415 

COO5 ,0042 
0024 ~ 0 2 3 0  

0015 -10145 
0049 -09328 
9070 "0517 
0108 -e0721 
0150 -a0945 

0281 - . I 6 3 4  

0682 -.2574 
0382 -.2096 

0697  -a3645 

NACA RM L58E06 

tinued 
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I 

: CHRR - 
c_ 

8 
3.961 
3.96: 
3.96? 
3.96? 
3-96! 
3-96? 
3.963 
3.962 

3.963 
3.963 

3.963 
3.963 
3.963 

3.963 
3.963 

3.963 

3.963 
3.963 

3.961 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 
3.963 

a 653 
-653 
-653 
~ 6 5 3  
a653 

s 653 
a 653 

,653 
. 653 
-653 
,653 
a 653 
e653 

IFFsf 
CL 
L 

"010 
,011 
.010 
.011 
.+I0 
. a l l  
.010 
.Oll 

.011 
,010 

.Ol0 
,010 
,010 

-095 

aO86, 
,089 

a0831 
.080' 
e0771 
a016' 
a074' 
a073' 
,072 
.070! 

~0701 
e0711 

~1871 
,189: 
+190! 
6192' 
,192t 
.194: 
.197; 
.199t 
.2')2t 
,2081 
.210( 
,2172 
,219L 

,0013 
,0031 
,')OZC 
,0031 
l002t 
10044 
,0032 
, 0 0 4 8  
,0035 
,0035 
,0033 
,0031 
,0046 

81014 
,0955 
,0904 
,0879 
0827 
0815 

0792 
0802 

0809 
0769 
0783 
0770 
0786 

1858 
1844 
1881 
1887 
1930 
1936 
1950 
1965 

2048 
1998 

2104 
215b 
2289 

- 

- 

- 

- 

- 

- 

LIP OF __ 
" 

cm 
,1192 
60194 
,0192 
.0190 
1"193 
a 0 1  95 

,0207 
,0198 

,0214 
10233 
,0237 
, 0 2 3 3  
,0242 

10133 

aC129 
,0135 

,0126 
a0130 
,0132 
,0136 
0 0 1 4 3  
,0152 
,0162 
,0173 
,0182 
,0206 

00099 
,0110 
,0120 
,0108 
,0094 
,0083 
10072 
.0061 
,0041 
,0020 
10011 
,004b 
~ 0 1 2 7  
- 

2.98 -e0022 

5.00 -.0031 
3.98 -1002r 

6.05 -.004i 

10.05 -.0066 
8.03 -.005' 

12.06 -+007E 

I b e l 4  -e0083 
12$l2 -.OOb? 
10007 -10056 
8107 - 0 0 0 4 1  

5.00 -.003? 
6.04 -.004C 

3.99 -a0027 
3,01 -e0021 
2100 -a0015 
1.02 -.000a 

-le00 ,0004 
-101 -moo03 

'2,OO .001C 

-2101  a0005 
-1.01 ,0001 
003 -.0002 

1.03 - s o 0 0 3  
2.01 -.0006 

4.03 -e0013 
3,Ok -a0010 

5-04 -a0015 
6.06 -a0017 

0.09 -e0030 

be16  -a0055 

'1.99 .Or307 
'1.00 .OOC2 

1.02 -.00@3 
8 0 1  -60004 

2.02 -.0013 
3.00 -a0017 
3.99 -.0021 
5-01 -e0026 
6103 -.0032 
8.03 -60043 
0.04 -10052 

6 - 0 9  -so092 
2.07 -so063 

be09 -so062 

8.07  -.0025 

2.12 1.0038 

20Cb -a0044 
0.06 -a0038 
8.04 - a 0 0 3 4  
6-04 -a0029 
5.00 -e0025 
3.99 -a0022 

2.01  -.0012 
1.02 -.0008 
-601 I -so003 

! 2.00 .0002 
1100 -,0001 
-01 -e0002 

1102 -.0003 
2.01 -.0004 
3801 -a0005 
4 . 0 2  -.0006 
5 . 0 2  -.0006 
6.05 -.0008 
8605 -a0012 
0.07 -a0015 
2.09 -.0021 
6612 -so037 
I 

ESTIGATED - C m  

,0578 -a3101 

,0328 -.I79 
-0399 -12211 

, 0 2 6 6  -a142 
~ 0 2 0 6  - 0 1 0 4 '  
,0169 -0086 '  
,0134 -.070; 
e0104 -.0528 
e0071 -a036! 
.0041 "0211 

'.0021 .c10' 
80009 -a004! 

..0051  ,026' 

.e0039 ,033' 
'80014 a0161 
-0003 -e0011 
lOOl8 -.0181 
.0038 -40331 
,0066 -00527 
~ 0 0 9 4  -10701 
.O122 -.089! 

80238 -a1505 
,0158 -a1096 

,0316 -.193( 
a0403 -.238€ 
,0595 -1338E 

,0047 ,0223 

.0010 -.006C 
,0019 s O O 8 t  

,0038 -e0196 
,0067 "0332 
,0093 -e0455 
~ 0 1 2 0  - a 0 6 0 1  
,0149 -a0752 
,0179 -1092C 
,0237 -81252 
,0294 -.I625 
-0363 -a1995 
a0554 -12885 

a0543 -82957 
,0355 -12059 
~ 0 2 8 5  "1693 
,0226 "1339 
60174 - a 1 0 0 4  
a0145 -a0838 
a0115 -.Ob69 
.0081 -so515 
e0056 .@0351-.3222 - so368  

.0012 -10075 

e00431 a0291 
~ 0 0 1 9  00123 
~ 0 0 0 5  -00045  
,0025 - a 0 2 1 2  
,0045 -.0371 
e0070 -.Q527 
,0097 -e0705 
a0126 - e 0 8 8 4  
601bl - . l o b 8  
00231 -a1451 
a0305 "1859 
-0390 -.2272 
,0583 "3230 
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TABLE 11.- AFXODYNAMIC c 

2.298 
2 . 2 9 .  

2.29' 
2.29' 

2.291 

2.29' 
2.29' 
2.29' 
2.291 
2.291 

2.29' 
2.291 

2.294 

2.294 
2.294 

2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2 . 2 9 4  
2.294 
I 
2.975 
2.975 
2.975 

2.975 
2.975 

2  975 
2.975 
2.975 
2.975 

2.975 
2.975 

2.975 
2.975 

2.975 

2.975 
2.975 

2.975 
2.975 
2.975 
2.975 
2.975 
2 * 975 
2.975 

2.975 
2.975 

2.975 

2.975 

2.975 
2.975 

2.975 
2.975 
2.975 
2.975 

2.975 
2.975 

2.975 
2.975 

- 

__ 

1::;:: 

.058~ 

.059C 
a0583 
e 0 5 1 4  
,1612 
- 0 6 2 3  
.Ob40 
e0664 

,0747 
a0693 

.OB20 

80919 
-0861 

.?IO2 
-2093 
~ 2 1 1 3  

-2162 
,2130 

62174 
a2205 
~ 2 2 5 4  
e2295 
e2356 
,2419 
-2426 
,2555 

~ 0 1 7 1  
,0175 
lo180 
,0167 
,0172 
,0176 
-0179 
,0181 
,0201 
, 0201  
10212 
,0225 
10247 

,0666 
,0559 
0657 
0657 
0673 
0705 
0716 
@751 
0785 
0820 

0886 
0 9 4 3  

0927 

2000 
2001  
1999 
2017 
2046 
2094 
2112 

2146 1 
2129 

2183 

- 

5n 

,0209 
,0215 

,0213 
,0209 
,0212 
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LE 11.- AERODYNAMIC C y  - IN SID 

CL 
-.O221 
..02*e 
-.0221' 
.a0233 
* .3221 
-so231  
..02*2 
.a0252 
..0236 
..0251 
.a0264 
..3276 
..0295 

-0783  
~ 0 7 1 2  
-0703  
10675 
,0622 
.Ob06 

~ 0 6 0 2  
so593 

-0572  
a0589 

.0558 

.057P 
,9560 

" 

- 

-0239  
.3198 
.0216 
1 3 2 3 2  
.0220 
-0237  
~ 0 2 2 4  
- 0 2 3 9  
~ 0 2 5 3  
-0251  
a0276 
* 0 2 7 1  
a0311 

.0738 

.Ob68 
-3699  

a0617 
a0643 

-0617  
a0639 

.0604 
,0593 
a0580 
~ 0 5 6 7  
-0582 
00541 

,1635 

,1658 
e1646 

a1669 
. I687  
,1698 
01708  
,1753 
m Y 6 3  
,1816 
,1872 
~ 1 9 0 1  
,2035 

__ 

,0241 
,1236 
,0224 

.1?21 
,9222 

,0229 
1023R 
,025': 
, 0 2 6 2  
,0287 
,0311 

a 0 4 0 7  
,0336 

a0390 
a0357 
0 0 3 4 4  
a 0 3 3 8  
,0325 
.'3318 
8 0 3 0 8  

,3324 
,0324 

,0331 
,0330 

,0328 
,0328 

,0311 
~ 0 3 1 5  
.012R 
,0322 

.0301 
a030° 

10295 
,0282 
,0275 
,0256 
a0241  
,0224 
,0179 

- 

ONTICUWTIONS I 
7 

3.03  -00035 
4.02 -a3046 
5102  -a1056 
6.05 -a0067 

1 ? * 0 9  - . 0 l O R  
R.06 - . C O R 7  

12.12 -.0127 
1 6 0 1 5  -so171  

T 16021  -.0162 
12.15 -.012O 
10.11 - . O 1 C 2  

S a 1 0  -.00?5 
6.07 -40067 
5.04 -60056 
4 1 0 3  -.PO45 
3.02 -e0034 
Z a O l  " 0 0 2 3  
1,oo -e0012 
- ,01  -.0001 
-1.01 .0010 
-2.01 .00:1 

-2.02 .0019 

-1.02 I ,9099 
eo0 .0001 
800 .OOO1 

l a 0 2  -.0006 
2.02 - a 0 0 1 4  
3.03 - .0023 
4.C4 -.0031 
5.06 -e0039 
6.09 -a0049 
8.39 -a0067 

~~ 

1.99 I-.OOZY 
3,01 -60029 

5 - 0 4  -.0048 
4 . 0 3  - e 0 0 3 8  

6 1 0 5   " 0 0 5 6  

loa08 - so090  
8.05  -a0073 

12.11 -.1110 
16.13  -a0157 

1 6 - 1 5  -.0142 

10109  - a 0 0 8 4  
1 2 - 1 4  -.0100 

6.06 " 0 0 5 5  
8.09 -e0073 

5.03 -e0047 
4.02 " 0 0 3 7  
3.02 -e0028 
2.03 - e 0 0 2 0  
1102 -.0011 

-1.01 e0007 
101 - l o 0 0 2  

-2.00 ,.0017 

-2101 ,0016 
-1.03 eOOC7 

102 .0000 

2 0 0 1  -.0013 
1102  -.0006 

4 .03  -e0025 
3.04 -a0019 

5.02 -00032 
6.09 -a0041 
8108 -moo55 

10.11 -80072 
1 2 . 1 4  -.0088 
16.19 - a 0 1 2 9  

' C" CY 

,0020 .01i'8 
,0008 a0097 
a 0 0 0 2  e 0 0 0 3  
a0013 -e0108 
a0023 -a0209 
a 0 0 3 6  -e0328 
,0048 - 1 0 4 3 8  
,0064 -10576 
,3071  -.0717 
e 0 1 1 2  -a1017 
,0146 -61353 
,0181 - . I705 
,0270 -12439 

a0156 -.2430 
e 0 3 9 2  -a1681 
,0072 " 1 3 5 3  
.005P -a1062 
a004Q -a0775 
,0037 -e0631 
-0026  -10490 
a0017 -a0355 
a0010 -e0237 
a0007 -10118 
e0001  ,0008 
a0003 .0119 
a0002 ,0230 

a0020 ,0273 
~ " 0 1 8  ,0145 
a0006 a0025 
~ 0 0 0 5  .0017 
,0007 -.0096 
.0017 -10215 
,0019 -so350 
, 0 0 2 2  -.04R@ 
, 3 0 2 3  -.Ob23 
,0018 -a0775 
,3001 " 1 0 9 4  

,0005 ~ 0 1 1 1  
.PO001 s001b 
~ 0 0 0 7   " 0 0 9 9  

, 0 0 0 2  - a 1 3 4 3  
,0017 -e1662 
,0076 -.2306 



42 NACA RM ~ 5 8 ~ 0 6  

C O n t l g u r . t l O  w 
21294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 

2,294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 

- 

2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 
2.294 2'. 294 
2.294 
2.294 
2.294 - 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 

2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 

2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 
2.975 

- 

- 

.aim 

.0088 
a0099 
,0092 
e0085 
-0095 
,0088 
a0099 
,0090 
e0081 

.. ." . . . .. ._. 



NACA RM ~ 3 8 ~ 0 6  

Figure  Data  presented f o r  variation of - Configuration 

3 CWL, C b ,  Cw,  and a. with M A l l  wing-on  configurations 

4 C, with a / A l l  wing-on  and  wing-off  configurations 

5 AC, with a A l l  wing-on  and  wing-off  configurations  with 
ventral  fin 

6 AC, with R 28.8'  wing-on  and  wing-off  configurations 
with  and  without  ventral  fin 

I C, with B for a - Oo, Bo, and 16' A l l  wing-on  configurations  and FW2v 

8 I Experimental  and  estimated C h  A l l  configurations  with Hz 
and C., (at a = 00)  with M 

~ 

9 
~~~ 

C, and a with  CL W1FVtIl.r 

10 C, and a with CL W k + V  

11 C, and a with  CL W h E 2  

l2 C, and a with  CL W~FVHJV 

I 13 I C, and a with CL I WIF 

14 C, and a with CL W%lY 

15 C, and a with CL W%2V 

16 C, and a with CL w h 3 v  

17 C, and a with CL W+ 

I 18 I C, and CL with a I F  
I 1 9 -  I C, and CL with a 

I 2o I C, and CL with a I FVH2v I 21 I a, p,  and M (Schlieren  photographs)  WlFVHlY I W2FW& I 22 1 a, B, and M (Schlieren  photographs) 

25 CyB,  CnB,  and CzB with a A l l  wing-off  configurations 

26 ACyp, NnB, and ACZ with a ,/' AIL 28.8'  wing-on  and wing-off configurations 
with  ventral  fin 

1 21  I ACyB> and B a 1 28.8' wing-on  and  wing-off  configurations  with 
and  without  ventral  fin 

I 29 I z / 4 r  and 1/4r with a 1 A l l  ~ 8 . 8 ~  wing-on  and  wfng-off  configurations 
with  ventral fin 

z / 4 r  and Z / 4 r  with a I 28.80 wing-on  and  wing-off  with  and  without 
kentral  fin 

31 zpW and Z / D w  with a ~ 1 1  45O wing-on and  wing-off  configurations 

32 C, with p for a - Oo, &lo, and 16O I' A l l  configurations 

33 Experimental  and  estimated M y  B' 
A l l  configurations  with H2 

ACns, and ACZB with M for a = Oo 

43 
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Relative wind - 
Relative wind 

\ 

Figure 1.- System of axes. Arrows indicate pos i t ive  values. 
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(a) Three-view  drawing of model. 

Figure 2.- Drawing  and  photographs of models. 
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Conflguratlon W2 F 

Conflguratlon W2 FVH3 v 

Conflguratlon w2 F V H ' V  

L-58-1615 
(b) Photographs of some of the  model  configurations  investigated. 

Figure 2 .- Concluded. 



NACA RM L58E06 

I 

(a) 28.8' swept  wing. 

t 

47 

M 

(b ) 45O swept  wing. 

Figure 3.- Sumnary of  static-longitudinal  characteristics  for  various 
model configurations it = -4'; P = 0'. 



Angle of ottock, CC, &g 

Figure 4.- Variation of C, with a f o r  various model configurations  with and without 
t he  28.8O and 450 swept  wings. 
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1 ". . - 

M = 2.98 M = 3.96 M = 4.65 

(a)  28.80 swept  wing. 

-4 0 4 8 12 16 20 

(b ) 4 3 O  swept wing. 

Figure 5.- Variation of the  t a i l  increment AC, with a f o r  various model configurations  with 
and without  the wings. 



AC 

" 

-4 0 4 8 12 16 20 
~ 

0 4 8 I2 16 20 
Angle of attack, E, deg 

Figure 6.- Effect   of   ventral   f in  on the  variation  of  the t a i l  increment AC, with a f o r  the  
model with and without  the 28.8O swept wing. 



cm M = 2.29 M = 2 .98  B = 3.96 !J = 4.65 

(a) Uncorrected  angle  of  attack, 0’. 

Figure 7.- Effect  of  horizontal-tail  configuration,  wing  sweep,  and Mach number on the  variation 
of C, with  sideslip  angle. 
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hl = 2.29 M = 2.98 Y = 3.96 M = 4.65 

(b) Uncorrected  angle of attack, 8O.  

Figure 7.- Continued. 
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(c) Uncorrected  angle of attack, 160. 

Figure 7. - Concluded. 
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2.0 r 2.4 2.8 3.2 3.6 4.0 4.4 

Mach number, M 

(a)  Wing  with 28.8O sweep. (b) Wing  with 4 5 O  sweep. 
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cL 

Figure 9.- Aerodynamic characteristics of the  model  with  the 28.80 swept 
wing, high horizontal tail,  vertical  tail, and the  ventral fin. 
it = -40; p = 00. 
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Figure 10.- Aerodynamic charac te r i s t ics  of t he  model with the  28.80 
swept  wing, low horizontal  t a i l  without  dihedral ,   vertical  tai l ,  
and the   vent ra l   f in .  it = -bo; p = 0'. 
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Figure 11.- Aerodynamic charac te r i s t ics  of t he  model with  the 28.80 
swept wing, low horizontal  t a i l  without  dihedral, and t he   ve r t i ca l  
tail.  it = -40; p = 0'. 
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Figure 12.- Aerodynamic charac te r i s t ics  of the  model with  the 28.8O 
swept  wing, low horizontal  t a i l  with -l5O dihedra l ,   ver t ica l  tai l ,  
and the   ven t r a l   f i n .  it = -4O; j3 = 0'. 
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59 

I Figure 13.-  Aerodynamic characteristics of the wing-fuselage  combination 
\ with the 28.8O swept wing. = 0'. 
i 

d- 
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Figure 14.- Aerodynamic characteristics of the model  with the 
wing, high horizontal tail,  vertical  tail, and the ventral 
it = -40; p = 00. 

4 5 O  swept 
fin. 
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Figure 1.5.- Aerodynamic charac te r i s t ics  of the  model with  the 45O swept 
wing, low horizontal  t a i l  without  dihedral ,   vertical  tail,  and the  
ven t r a l   f i n .  it = -4'; P = 0'. 
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Figure 16.- Aerodynamic charac te r i s t ics  of the model with  the 4 5 O  swept 
wing, low hor i zon ta l   t a i l .w i th  -l5O dihedra l ,   ver t ica l  tail,  and the 
ven t r a l   f i n .  it = -4'; p = oO. 
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Figure 17. 
. 

- Aerodynamic  characteristics of the  wing-fuselage corxibination 
with the 45O swept  wing. fl = 0'. 
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Figure 18..- Aerodynamic  characteristics of  the fuselage. 
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I 

Figure 19.- Aerodynamic characteristics of the model without  a wing and 
with the  low horizontal tail without  dihedral and the vertical tail. 
it = -40; p = 00. 
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Figure 20.- Aerodynamic charac te r i s t ics  of t he  model without a wiw and 
with  the low horizontal  t a i l  without  dihedral ,   the  vertical  tail, 
and t h e   v e n t r a l   f i n .  it = -4O; p = Oo. 
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1 
i 

i 

a=-4.O: 8.0" M =4.6 5 
A,=28.B0 

a=-4.O~P=5.Oo 

* A,=45.0" 
4 

. .  

~58-1616 
Figure 21.- Schlieren  photographs of the  complete t e s t  model i n   t h e  

Langley Unitary Plaa wind tunnel. T - t a i l  and v e n t r a l   f i n  on. 
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o=4.3qfl=Oo M= 

NACA RM ~ 5 8 ~ 0 6  

1.65  o=4.I;8=5.O0 
A,= 45.0' - 
4 

Figure 21. - C loncluded. L-58-1617 
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7 69 

a=09fl=5.O0 M=2 29 o=op~=o.i" 

a;O?,B=O" M =4.6 5 
High  horizontal tail  H' Low horizontal toil Hz 

.=o: P.0" 

L-58-1618 
Figure 22. - Schlieren  photographs of the complete t e s t  model with  the 

43' swept wing i n   t h e  Langley Unitary  Plan wind tunnel. 
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a=4.2;p=O0 M=2.98 a=4.2:B=5.l0 

a.4.l; B.0" M.3.96 .=4.iqp=oo 

a=4.14B=0° "4.65 
High  horizontal tail H' Low horizontal toil  Hz 

a=4.1qP=0° 

Figure 22. - Continued. L-38-1619 
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M.2.29 u=8.5;B=0.1° 

0.8.2; 8.0" 
High horizontal tail  H' 

"4.65 
Low horizontal toil Hz 

a=a.2; 8.0' 

Figure 22.- Continued. L-58-1620 
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a=16.8: /3=0" M l=2.98 0=16.8~/3=0.1" 

n=16.4: p.0" 
Hlgh harlzontal  tail H' 

M3. 

Figure 22.- 

1.65 
Law horizontal ta i l  Hz 

o=16.4~/3-O0 

Concluded. L-58-1621 
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I 
(a) M = 2.29. (b) M = 2.98. 

Figure 23. -  Summary of the aerodynamic charac te r i s t ics   in   s ides l ip  of the model with  the 
28.8' swept w i n g .  Symbols indicate data from tests through  the  sideslip range. it = -4'. 
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( c )  M = 3.96. 

C 

(d) M = 4.65. 

Figure 23.- Concluded. 



(a) M = 2.29. 

a3 
M 
0 

(b) M = 2.98. 

Figure 24.- S m a r y  of the  aerodynamic  characteristics  in  sideslip of the  model  with  the 
45' swept  wing. Symbols indicate  data from tests  through  the  sideslip  range.  it = -4'. 



( c )  M = 3.96. ( d )  M = 4.63. 

Figure 24. - Concluded. 
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(a)  M = 2.29. (b) M = 2.98. 

Figure 25.- summa;Yy of the aerodynamic charac te r i s t ics   in   s ides l ip  of the model without wings 
and the low horizontal t a i l  without  dihedral. Symbols indicate data from tests  through 
sideslip  range. it = -4O. 
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( c )  M = 3.96. 

Figure 25. - Concluded. 

(d)  M = 4.65. 
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Figure 26.- Variation  with a of the  tail  increments ACy ACnp, and AC for  various  model 
B' 2 B  

configurations  with  the 28.8' swept  wing. 
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M = 2.29 M = 2.98 M = 3.96 M = 4.65 

0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20 

Angle of attack, E, k g  

Figure 27.- Effect  of  ventral   f in on the  var ia t ion of the t a i l  increments ACy ACng, and 

AC with a fo r   t he  model with and without  the 28.8' swept wing. 
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-.02 

-.w 

Nl = 2 2 9  M = 2.98 

0 4 8 I2 16 20 0 4 8 12 16 20 

Angle of attock, E. deg 

M = 3.96 NI = 4.65 

0 4 8 12 16 20 0 4 8 12 16 20 

ul t+ co 
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Figure 28. - Variation of  the  t a i l  increments ACy ACnp, and AC with CL for various 
P' l P  

model configurations  with and without  the 47' swept wing. 
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Tail Ying 

Geometric tail 
-___. 

" 

length of vertical tail 
" 

""_ 

M = 2.29 M = 2.98 M = 3.96 M = 4.65 

Angle of attack, E, deg 

Figure 29.- Variation  with u of the  ver t ical   (z /bw) and longitudinal ( 2 h )  location  of  the 
effective  center of pressure of the t a i l  for various model configurations  with and without 
the 28.8' swept wing. 
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Tai 1 

- VH2v 
Geometric tail - - "VH2 

length of vertical tail'- 

I M = 2.29 M = 2.98 M = 3 . 9 6  

Anqle of ottcck, E. deg 

'VI ing 
$1 
W 1  
Off 
n f  f 

M = 4.65 

Figure 30.- Effect of ven t r a l   f i n  on the  variation  with a of ver t ica l  (z/b,) and 
longitudinal (2/b,) location of effective  center of pressure of the  t a i l  for   the  
model with and without  the 28.8O swept  wing. 
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Figure 31. - Variation  with a of  the  vertical   (z/bw) and longitudinal ( 2/bw)  location of the 
effective  center of pressure of the  t a i l  for  various model configurations  with and without 
the 45' swept  wing. 
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M = 2.29 N, : 2.98, Y = 3.56 

(a)  Nominal angle of attack, 0'. 

Figure 32.- Effect  of  horizontal t a i l  configuration, wing  sweep, and Mach  number on the variation 
of Cn with  angle  of  sideslip. 
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P = 2.29 I = 2.98 M = 3.96 N. = 4.65 

(b)  Nominal angle of attack, 8'. 

Figure 32. - Continued. 
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N, = 2.29 M = 2.98 N, 7.96 N 4.65 

B .deg 

( c )  Nominal angle of attack, 16O. 

Figure 32. - Concluded. 
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(a) Interference  included  in  estimates. (b)  Interference  neglected  in  estimates.  
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